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High voltage air-blast circuit-breakers 


‘ENGLISH ELECTRIC’ equipped the Salime Power Station of the Saltos del Navia en Communidad, 
Spain and installed the outdoor air-blast switching station illustrated. The comprehensive con- 
tract included eight 140 kV air-blast circuit-breakers and all auxiliary switchgear as well as the 
generating plant and main transformers. 
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REYROLLE SWITCHGEAR 


The main 132-kV 2,500-MVA air-blast switchgear at Wakefield B 
Power Station together with its associated control equipment, 
was supplied by Reyrolle who were also responsible for 


the 3-3-kV auxiliary air-break switchgear 


Reyrolle 


A. REYROLLE & COMPANY LIMITED - HEBBURN + COUNTY DURHAM ~- ENGLAND 
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For System Stability in Rhodesia 


This 6,000 kVAr capacitor bank at 
Hartley, Southern Rhodesia, is con- 
nected in series with the 90-mile 
Umniati-Norton 88kV_ transmission 
line. 


The bank improves both regulation 
and stability, and the power transfer 
capacity of the line (within the limits 
of acceptable voltage drop) is 
doubled. 


Although the use of series capaci- 
tors in transmission networks is 
comparatively new, their use is being 
rapidly extended. The Electricity 
Supply Commission of Southern 
Rhodesia is one of the pioneers in 


their application in the British 
Commonwealth, having 3 such instal- 
lations. The Hartley installation was 
erected by the Electricity Supply 
Commission, BICC supplying all 
equipment and assisting in the plan- 
ning and engineering of the scheme. 

BICC manufacture capacitors for 
a variety of electrical equipment 
including: 

System Power Factor correction 

Industrial Power Factor correction 

Railway Signalling Control circuits 

Overhead Traction systems 

Impulse Generators 

Radar Equipment 

High Frequency Furnaces 

Carrier Current Coupling and Voltage 

Transformers 





CAPACITOR 
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Mechanisation Progress Surveyed 


NE of our most famous writers said, “The proper 
cosy of mankind is man;” but if the particular 

example of mankind under consideration happens 
to be a hydro-electric engineer, then nowadays his 
proper study is undoubtedly money. The financing of 
hydro-electric projects, as we have mentioned before 
on many occasions, is a matter of more moment now 
than it ever has been, and therefore special interest 
attaches to a United Nations publication recently 
published on the mechanisation in the construction 
of hydro-electric plants.* 

The European office of the United Nations has an 
important offshoot known as the Economic Commis- 
sion for Europe, and this Commission in turn appoints 
committees who deal with various aspects of Euro- 
pean economy. One of these committees, which deals 
with electric power, issues reports from time to time 
which tend to grow in size and importance as the 
years go by. Indeed, there has been criticism to the 
effect that the E.C.E. reports tend to encroach on the 
proceedings of national and international bodies such 
as the World Power Conference, C.I.G.R.E., and the 
various learned institutions in different countries. The 
spread of knowledge takes place fairly slowly, and if 
an engineer or an organisation publishes results of 
Statistical or other research in one particular direction, 
there is not likely to be material for further papers 
in other directions. 

However valid this criticism may be, there is no 
doubt that the recent report on mechanisation in the 
construction of hydro-electric plants, summarising 43 
papers from 15 countries, is a particularly valuable 
document, for it brings together in abstract form a 
wealth and range of information which could hardly 
be made available in any other way. The report 
Stresses above all the need evinced in practically 
every country for speeding up the construction of 





* “The Mechanisation in the Construction of Hydro-Electric Power 
Plants’’ Qbtainable from the Sales Section, European Office of the 
United Nations, Palais des Nations, Geneva, Switzerland. Price $0-4. 
(U.S) or 3s. 
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civil engineering works associated with the develop- 
ment of water power. In one country the reason is 
primarily that the interest rates on loan capital are 
high so that delay in execution of the works is ex- 
pensive from that point of view. In another country, 
the most pressing reason for early completion of the 
hydro-electric works is the critical shortage of generat- 
ing plant. In yet another part of the world, the reason 
for ultra-rapid development relates to the necessity 
of providing storage capacity to assist the existing 
hydro schemes in generating their full output at all 
times of the year. But whatever the reason may be, 
technologists and engineers who have had long experi- 
ence in hydro-electric development are fully alive to 
the increased necessity for the more rapid and less 
costly execution of the works. 

The Swedish paper summarised in the E.C.E. re- 
port goes straight to the heart of the matter and gives 
the essentials which the designer of a hydro-electric 
installation must at all times keep clearly in view: 

He must keep down the masses in the general 
design; 

He must keep down the size of the buildings; 

He must utilise local materials as much as possible, 
particularly the relatively cheap natural materials, 
earth and rock; 

He must replace expensive building materials by 
cheaper ones; 

He must keep down unit prices by employing effi- 
cient mechanical equipment and rational working 
methods, including an efficient organisation and 
administration. 

To show how the application of these simple prin- 
ciples can result in decreased costs, many of the 
papers in this E.C.E. report show how, in spite of ris- 
ing labour and material costs, the expenditure per 
kilowatt has fallen in recent years. The leading direc- 
tions in which progress in mechanisation of hydro- 
electric construction work is seen to be moving, 
according to this comprehensive report, are as follow: 

First, there are several papers from Russia in which 
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details are given of the development of hydraulic 
methods of filling earthworks and of moving materials, 
together with details of the methods used to drive 
sheet piling into place by vibration. The Russians 
have also developed methods of installing the electro- 
mechanical plant before the completion of the civil 
engineering work. They claim that in this way the 
time spent on the assembly of a turbine can be re- 
duced by 20 per cent. to 30 per cent. As an example 
they show that at the Kuibyshev plant it was planned 
to install the generating units at an average interval of 
20 days; and since this report was prepared, subse- 
quent information about the completion of this 2,100 
MW project indicates that this rapid installation 
schedule must have been very closely followed. 

From Sweden, as would be expected, the papers 
show how extreme mechanisation of tunnelling work 
has resulted in very great savings. A practical example 
relates to the Forsmo power station, where there are 
two tunnels, both cut in the same type of rock. The 
first was driven in 1945-47, and the second in 1954-55. 
The improvement in tunnelling mechanisation in that 
relatively short period of time resulted in a saving of 
40 per cent. in the time taken for the execution of the 
second tunnel. 

In addition to these developments in mechanical 
handling and mechanisation there have been parallel 
developments in concrete technology; these are shown 
to have resulted in the ability to prepare completely 
impermeable concrete of greatly improved strength 
and durability. In turn, these improvements have re- 
sulted in the technical and economic feasibility of 
constructing tunnels in poor quality rock, and to build 
underground reservoirs in permeable soil, as well as 
making many other technical achievements possible 
which would have been considered as uneconomic a 
decade ago. 

All these advances will mean that hydro-electric 
development in many countries will acquire a new 
look. The development of sites which, although 
attractive from the point of view of power develop- 
ment were economically unfeasible, might well be 
considered, in the light of recent advances, as worthy 
of reconsideration. 


Ffestiniog Pumped-Storage Scheme 


THE main civil-engineering contract for the 
Ffestiniog scheme, North Wales, has been placed 
with The Cementation Co. Ltd., the last of the 
difficulties with which it has been beset having fin- 
ally been resolved. There has never been any question 
about the economics of the scheme, however, and 
with the increasing generation of electricity from 
nuclear reactors, the advantages of pumped storage 
will be greatly enhanced by the availability of rela- 
tively low-cost energy during the night for pumping. 
Pumped storage depends on the availability of suit- 
able sites, usually two lakes which must be at sub- 
stantially different leveis, and at Ffestiniog the 
conditions are very favourable indeed. 

The execution of the Ffestiniog scheme by The 
Cementation Co. Ltd. will bring to bear that com- 
pany’s considerable experience in dam construction, 
shaft sinking and tunnel driving in many parts of the 
world, and should ensure the speedy and economical 
completion of this interesting venture. The Central 
Electricity Authority plans to use a substantial quan- 
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tity of pulverised fuel ash as part replacement of 
cement in the concrete. The Cementation Company 
already use large quantities of this ash from Batter. 
sea power station for the manufacture of their “Ter. 
lite” lightweight aggregate. 

At Ffestiniog, the high-level storage will be formed 
by building a 90 ft. high dam to increase the capacity 
of Llyn Stwlan, about 1,000 ft. above Afon Ystradau, 
the site of the lower storage reservoir. The useful stor- 
age capacity in each reservoir will be about ten mil- 
lion cu. ft. A combined pumping/generating station 
with four units totalling 300,000 kW generating 
capacity will be situated near the Afon Ystradau, 
into which water will be discharged when generating, 
and from which water will be taken when pumping. 
The water connection between Llyn Stwlan and Afon 
Ystradau will consist of two 144 ft. diameter shafts, 
750 ft. deep, each leading into two 10 ft. steel-lined 
tunnels, followed by surface pipelines for the remain- 
ing 250 ft. drop to the station. The electrical parts 
of the machines, to be supplied by British Thomson- 
Houston Co. Ltd., will serve the dual purpose of 
generating electricity and pumping water, the change- 
over from one process to the other taking about ten 
minutes per generating set. The hydraulic parts of 
the units will be supplied by the English Electric 
Co. Ltd. 

It is expected that the station will generate for a 
total of about four hours a day, covering the Author- 
ity’s two peak periods, and will pump for about 
seven hours each night from 11 p.m. onwards. It is 
probable that the actual operation will be under the 
direction of the Manchester Control Area but car- 
ried out by Jocal supervision at the station. A point 
of interest is that 1,500,000 tons of water will flow 
up and down each 24 hours to produce about 
1,200,000 kWh of electricity, namely 1} tons per 
kWh. 

The Ffestiniog scheme, when completed, will be 
the largest of its kind in the world, and a further 
scheme proposed by the North of Scotland Hydro- 
Electric Board may be even larger. 


Progress at the Brussels Exhibition 


Work on the site of the Brussels International Ex- 
hibition, which is due to be opened on April 17, 1958, 
has reached an intriguing stage, and if our impres- 
sions of a recent visit are to be trusted, bids fair to be 
an architect’s and constructional engineer’s paradise. 
Prefabricated construction in steel, concrete, alumin- 
ium and wood is evident in abundance; suspended 
roofs of bizarre designs abound; unusual ventures 
have been made in reinforced-concrete construction, 
prestressed and otherwise; and the centrepiece of the 
exhibition—-tthe Atomium—is a fantastic structure 
representing a metallic atom magnified about 150 bil- 
lion times. When completed, this Atomium will rise 
110 m. (335 ft.) above the ground and will consist of 
nine 18 m. (55 ft.) diameter spheres, representing elec- 
trons, connected by 9 m. (9 ft. 9 in.) diameter tubes 
representing valencies. A restaurant will be housed in 
the topmost sphere and exhibitions in other spheres, 
access being gained by a lift and escalators within the 
“valency” tubes. 

The Brussels Exhibition will not be a Trade Fair, 
but is conceived as a prestige occasion having as its 
theme “The Contribution of the Countries of the 
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World to the Advancement of Mankind and the Deve- 
lopment of a Better Understanding between Peoples.” 
Each country is interpreting this theme in its own 
idiom and in the light of its own particular contribu- 
tion to world advancement. It is too early as yet for 
details of the various countries’ exhibits to be gener- 
ally available, but it can safely be assumed that the 
role of hydro-electric development in contributing to 
world progress will not be overlooked. The exhibit of 
the British electrical industry, for instance, refers to 
the far from negligible contribution made by Britain 
in this field, and doubtless appropriate attention to 
water power will be found to have been paid by other 
exhibiting countries. 


Table Rock Dam Concreted 


CoNCRETING of Table Rock dam on the White 
River near Branson, Missouri, has been completed 
after less than three years of construction, and in spite 
of a seven-weeks delay earlier in the year, when the 
dam was overtopped, work is still well ahead of 
schedule. The dam is 261 ft. high above lowest 
foundation, and consists of a concrete gravity section 
1,600 ft. long containing ten sector gates and joined 
to an earth-embankment section 4,800 ft. long, mak- 
ing a total crest length of 6,400 ft. It required 
1,230,000 cu. yards of concrete and 3,000,000 cu. 
yards of earthfill, Unusual constructional methods 
included the use of closed-circuit television and short- 
wave radio to assist in cableway operation, and the 
employment of special box-truss cantilever-type steel 
forms for concrete placing, which were leap-frogged 
upwards and bolted to the form below as the dam 
grew. Hinges in the middle of the forms enabled them 
to be tilted back for close concrete placement on the 
sloping downstream face of the dam. 

The dam has been built by Morrison-Knudsen 
Company Inc., sponsor of a joint venture with Utah 
Construction Company and four other associates. 
This concern is also building the associated 200 MW 
powerhouse, which, as noted in our October issue, 
will contain four 68,000 h.p. English Electric turbines. 


French West African Development 


Pans for the establishment of a new primary 
aluminium industry based on a projected hydro- 
electric power development in French West Africa 
are now moving closer to implementation. In Mon- 
treal, Aluminium Limited stated that it is planning 
to fulfil its previous undertaking to take a minority 
but substantial interest in the new projects in which 
the major role is taken by the leading French alu- 
minium companies, Péchiney and Ugine, in associa- 
tion with aluminium producers of other nations. 
The present plans involve the formation of a 
power company with French Government partici- 
pation to construct a hydro-electric development on 
the Konkouré River in French West Africa. This 
power plant would have an installed generator capac- 
ity in excess of 700,000 h.p. with a firm power out- 
put sufficient to support an ultimate smelting capacity 
of 165,000 short tons of aluminium per annum. A 
separate company would be established to construct 
and operate an aluminium plant of this capacity. Alu- 
minium Limited’s share of ownership in the smelter 
company would be 20 per cent. 
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The French Government has recently made cer- 
tain proposals concerning the financing of the Kon- 
kouré dam which were accepted in principle by the 
aluminium companies, subject to certain conditions 
being satisfied. These were, firstly, that an interna- 
tional loan be obtained for partial financing of the 
hydro-electric project (the World Bank has already 
been approached); secondly, that legal and fiscal 
agreements could be arranged with the French 
authorities; and, thirdly, that the final estimates of 
the cost of constructing the power project would re- 
sult in power costs competitive with those attainable 
elsewhere. 

Bauxites du Midi, a French mining subsidiary of 
Aluminium Limited, has been active in French West 
Africa for many years and has been mining bauxite 
on an extensive scale in the territory. With the new 
smelter investment, it is expected that these bauxite 
resources will hold an increasingly important place 
in the Company’s long-range planning. Aluminium 
Limited’s investment in the new power and alumin- 
ium projects is estimated at approximately thirty 
million dollars during the six-year construction 
period. 


New Underground Power Stations in Italy 


SIXTY underground power stations are in operation 
in Italy at present, mostly built since 1949. Mainly 
they are medium-head and high-head stations, the 
majority being comprised between 150 and 300 m., 
and the general tendency being towards higher heads. 
As for the installed equipment, 20 power stations are 
equipped with Pelton, 34 with Francis, 6 with Kaplan 
turbines, some power stations being equipped both 
with Pelton and Francis, and with Francis and Kaplan 
sets. As to the capacity installed, it is in general rather 
high, and there is a tendency towards larger capaci- 
ties in more recent constructions. This is in connection 
with the general tendency both of concentrating as 
much as possible higher capacities in one power sta- 
tion instead of dividing it into many stations, and of 
reserving more and more to the hydro stations a peak- 
load function even in countries, like Italy, where 
hydro plants have until now had also a large base-load 
function. One of these power stations reaches 375 MW 
(S. Massenza), three others exceed 200 MW, and ten 
more have a capacity between 200 and 100 MW. In 
total, the capacity installed underground can be esti- 
mated at around 3,500 MW, which corresponds to 
almost 35% of the whole hydro-electric capacity in- 
stalled in Italy. 

The development of this type of technique has been 
particularly remarkable in recent years. In 1945 the 
capacity installed underground was around 500 MW; 
from 1945 to 1950 it rose to 1,300 MW; from 1950 to 
1955 to 2,900 MW, reaching in June 1957 the above- 
mentioned figure of approximately 3,500 MW. 

To these remarkable figures, which place Italy in 
the front rank among the nations that have most 
largely developed underground construction tech- 
nique, are to be added not less than ten new power 
stations still under construction, most of which are 
scheduled to be completed in 1958-59. Further sets 
are also being installed in some of the power stations 
recently finished in addition to those already in opera- 
tion. 

Among the power stations that are still under con- 
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struction, one will have a capacity of 400 MW, two a 
capacity of over 100 MW, two more will be around 
50 MW, the others being smaller. In total, the power 
Stations under construction will reach an installed 
capacity of over 800 MW and an output of 2,000 mil- 
lion kWh. 

Grosio power station, in Lombardia, on the River 
Adda scheme developed by Azienda Elettrica Muni- 
cipale of Milan, will be the largest of these new sta- 
tions. Four Pelton sets, each of a capacity of 100 MW, 
will be installed under a head of 600 m. The length of 
the penstock will be 985 m. The maximum flow rate 
will be 80 cu. m. per sec, The dimensions of the 
machine room are, length 122 m., width 16 m., height 
15 m. The transformers will be installed in a separate 
excavation. The dimensions of Grosio are surpassed 
or equalled in Italy only by the Premadio, S. Mas- 
senza and Provvidenza power stations. 

Another scheme on the Adda River basin, the 
Sondrio power station, is being built by the Vizzola 
Company. Two vertical Pelton sets, each of a capac- 
ity of 70 MW, will be installed under a head of 663 m. 
The maximum flow rate will be 26-5 cu. m. per sec. 
Transformers will be installed above ground. 

Among the other plants, we will cite Malga Boazzo, 
the first stage of the new Alto Chiese Development, 
recently described in this journal, where two sets with 
a total capacity of 96 MW are installed under a head 
of 560 m.; S. Silvestro, on the Brenta development, 
Venice Region, which is being built by the Selt- 
Valdarno Company, where one 60 MW Francis set 
will be installed under a head of 450 m.; and Narni, 
on the Nera development, Central Italy, which is be- 
ing built by the Terni Company, where the noteworthy 
flow rate of 180 cu. m. per sec. and the rather low 
head of 28 m. will require the installation of two 
Kaplan turbines with a total capacity of 50 MW. 


Snowy Mountains Extension 


ANOTHER Stage has been reached in the con- 
struction of the Snowy Mountains hydro-electric 
and irrigation project being built in south-eastern 
Australia at an estimated cost of £A400 million. 
Tenders have now been invited in Australia, Britain 
and North America for the construction of another 
dam and a tunnel running ten miles through the 
mountain. The dam will be about 150 ft. high and 
710 ft. long at the crest. It will provide storage for 
diverted waters from the Murrumbidgee river 
through ten miles of tunnel into the Eucumbene 
river at the Adaminaby reservoir. 

Work will begin on both projects early next year. 
The dam is scheduled for completion the following 
year and the tunnel a year later. This project will 
bring the total generating capacity of the scheme to 
date to 606,000 kW, and make about 500,000 acre- 
feet of water available each year for irrigation. 
Ultimately, the total capacity for the whole Snowy 
project will be 3 million kW. 


Units for Snowy Mountains T2 Station 


THE Snowy Mountains Hydro-Electric Authority 
has placed orders for the four 70 MW generating 
units for their T2 station. The turbines are to be built 
by Charmilles of Geneva, and will have an indi- 
vidual output of 96,000 h.p. at the rated head of 860 
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ft., rising to 109,000 h.p. at the maximum head of 
935 ft., the speed being 428 r.p.m. The contract in. 
cludes a spherical control valve for each turbine. The 
generators will be constructed by ASEA of Viisteras: 
they will have a rating of 70 MW at 0-925 power fac. 
tor, and will generate at 12:5 kV. Their guaranteed 
efficiency will be 98-25%. The value of the turbine 
contract is nearly £A700,000, and that of the gener. 
ator contract over £A960,000. 

T2 station will be located underground some five 
miles downstream of T1 station, and the two stations 
will be operated jointly from a control centre at a 330 
kV switching station about midway between them. 
Arrangements will be made to operate any machine 
either as a generator or as a synchronous condenser, 
and provision will be made for remote automatic 
control. 

Work is now well advanced on TI station, which 
will have four 80 MW sets consisting of English Elec- 
tric turbines driving ASEA generators. Two genera- 
tors should be in operation in 1958 and the full com- 
plement in the following year. 


Another Tunnelling Record? 


* 
7] HE Eucumbene-Tumut tunnel, the first trans- 
mountain tunnel in the Snowy Mountains scheme, 
was holed through at a ceremony last August at 
which the Premiers of New South Wales and of Vic- 
toria set off the final blast. The ceremony took place 
only 24 years after the commencement of the work, 
which on the total length of 14 miles, represents an 
overall rate of advance of nearly 6 miles a year in a 
24 ft. diameter tunnel. Owing to the depth of cover it 
was possible to sink an access shaft only at the con- 
fluence of the Tumut and Happy Jack rivers, leaving 
four miles of tunnel to be driven to the Tumut portal 
and ten miles to the Eucumbene. 

A rate of advance of 400 ft. in a six-day working 
week was exceeded on 24 occasions, and on one occa- 
sion the six-day advance reached 484 ft., which the 
Snowy Mountains Authority believes to be a world 
record. Judging from our correspondence column 
recently, there is room for discussion as to what in 
fact constitutes a world tunnelling record, but this in 
no way affects the credit that is due to the contrac- 
tors, Kaiser-Walsh-Perini-Raymond, for a very fine 
achievement. 





“English Electric” Computers. The Control and Elec- 
tronics Department of The English Electric Co. Ltd. 
has issued a new publication (No. ES/126) describing 
the DEUCE universal digital computer and also 
special purpose digital computers. The DEUCE, 
which is in full-scale production, has been designed 
for the automatic and high-speed solution of complex 
mathematical problems associated with modern deve- 
lopments in science and engineering design and pro- 
duction, and it is one of the most versatile and widely 
used computers of its type. For particular applications, 
such as the automatic control of processes subject to a 
number of varying factors, the Company now manu- 
facture special-purpose computers which are built up 
from logical circuits made as standard units, with the 
appropriate control circuits. 
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I.E.C. Hydraulic Turbine Test Code 


A summary of the present position in the light of 
the committee meeting held last October 


HE International Electrotechnical Commission 
has taken an interest for many years in hydraulic 
turbine acceptance tests and issued two reports:— 

(i) 1913 Prime Movers for Electrical Plant—Nomen- 

clature for Hydraulic Turbines. 

(ii) 1927 I.E.C. Publication on Testing of Hydraulic 

Turbines. 

and because of developments in the methods of water- 
flow measurement over the last 30 years, convened a 
meeting in Philadelphia in 1954 on the occasion of 
their 50th Anniversary, during which Technical Com- 
mittee No. 4 decided to prepare an “International 
Test Code for Hydraulic Turbines” under the chair- 
manship of Mr. S. Logan Kerr, a United States 
consulting engineer, who is well known in the hydro- 
electric field. 

At this time several national test codes were in 
existence, notably “Swiss Rules for Hydraulic Tur- 
bines” and the “ASME Code for Hydraulic Prime 
Movers” and others were known to be ir the course 
of preparation by Great Britain, France, Germany 
and Italy. The Philadelphia meeting approved three 
basic methods of flow measurement for large turbine 
acceptance tests, namely:— 

(i) The Allen Salt-Velocity Method 

(ii) The Gibson Pressure-Time Method 

(iii) The Current-Meter Method 
and while other methods were not excluded, working 
groups were commissioned to draft suitable texts for 
incorporation in a comprehensive document. 

In September, 1956, Technical Committee No. 4 
met in Munich and approved draft codes on these 
three methods for circulation under the “Six Months’ 
Rule,” and in addition to setting up the skeleton of 
the complete document, appointed working groups 
and assigned to them the task of drafting the text for 
the remainder of the code. The framework com- 
prised :— 

1. Object and Scope of the Code 

2. Definitions, Nomenclature, Symbols and Units 

3. Nature and Extent of Technical Guarantees and 

Tests 

. Test Conditions to be Fulfilled 

5. Test Procedure 

. Methods of Measurements: Quantity, Head, Out- 

put Losses, Speed, Speed and Pressure Variations 

. Computation of Results 

. Final Report 

The committee met in Zurich between October 4 
and 11, 1957, the formal proceedings taking place 
after preliminary meetings of the working groups, who 
reviewed the comments of the national committees 
on the drafts which had been circulated by the I.E.C. 
in advance. The main committee, comprising repre- 
sentatives of Austria, Canada, Finland, France, Ger- 
many, Hungary, Italy, Sweden, Switzerland, United 
Kingdom, U.S.A. and U.S.S.R., reviewed these drafts 
and the proposed amendments to the various sections 
of the code outlined above, and after some further 
alterations, approved them for reference to a bilingual 
editorial and drafting panel consisting of:— 
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U.S.A. (chairman) 
United Kingdom 
United Kingdom 
France 


S. Logan Kerr 

J. F. Shipley 

S. P. Hutton 

P. L. Misson 

M. Fauconnet Switzerland 

M. Kestlicher — Belgium 

Apart from many detail questions concerning flow- 
measuring techniques and their accuracy, turbine and 
alternator losses, etc., the main points of technical 
interest were the acceptance of the pitot-tube and 
thermodynamic methods of turbine flow and effici- 
ency measurement, the latter being the result of much 
recent and original work by French engineers. 

In addition, a new working group was appointed to 
draft a supplement to the main code to cover model 
testing. The members are:— 

P. Bourguignon —_ France 

G. Hutarew - Germany 

R. Dziallas — Germany 

H. Hansson —- Sweden 

S. P. Hutton — United Kingdom 

L. J. Hooper — USS.A. 
with powers to add to these members if considered 
necessary or desirabie by the international chairman. 

Another working group is to be formed to deal with 
“Hydraulic Turbine Governor Testing.” 

Although the draft code is complete, the editoria! 
panel is now faced with the formidable task of co- 
ordinating and preparing the final document in con- 
formity with I.E.C. standards and requirements for 
international circulation under the “Six Months’ 
Rule” and approval by the committee, so that it is 
unlikely to be ready for publication until early 1959. 

Some interesting development work is being done 
at the Federal College of Technology in Zurich under 
the direction of Prof. H. Gerber on the ultrasonic 
method of waterflow measurement. The delegates 
were given an impressive demonstration of its appli- 
cation in an open channel with simultaneous checks 
using a travelling screen, weir and volumetric tank. 
The discharge determined by the ultrasonic method 
agreed with the mean of the three check measure- 
ments to within 0:35 per cent. The method can also 
be used for short intakes and closed conduits and 
experimental work is being done in this connection. 





Water Turbines. An impressive record of achievement 
is to be found in a 48 page brochure “Hydraulic Tur- 
bines and Auxiliaries” issued by Allis-Chalmers 
Manufacturing Company. The partial list of installa- 
tions totals nearly 14 million horsepower, and illus- 
trated reference is made to such famous developments 
as Hoover dam, Shasta, Hungry Horse, Shipshaw, 
Noxon Rapids, Maraetai (New Zealand), Donnells, 
St. Lawrence, and Kemano. A special section is 
devoted to the reversible pump-turbine, and reference 
is made to the world’s largest unit of this type in- 
stalled at Hiwassee dam. There are also short illus- 
trated sections on butterfly valves, high-head shut-off 
valves, governors, and pressure regulators. 
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Fig. 1. An eight-bladed 50,000 kW Kaplan runner for Slapy 


Ten-Bladed Kaplan Turbine 


This article describes the theoretical and experimental research which 
was done in designing a ten-bladed Kaplan runner wheel for Orlik 
power station, Czechoslovakia 


ING. MIRKO VITVAR, CKD Blansko Research Institute, 
Czechoslovakia 


N Czechoslovakia the building has begun of the 
Orlik peak-load hydraulic power plant where four 
units will be installed, each having an output of 
94,000 kW. As the power plant will operate at heads 
varying between 44 and 70°5 m., it was decided to 
apply the Kaplan turbine as the most sutiable type. 
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This decision was based solely on economic calcula- 
tions. 

These turbines were developed in the CKD Blansko 
research institute—a plant producing water turbines— 
and are based on experience gained with eight-bladed 
turbines operating at the Slapy hydro-electric station 
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which has 50,000 kW sets operating on a head of 56 
m. (Fig. 1). In working out the design it was necessary 
to combine three opposing requirements—that of 
structural strength on one hand, and those of efficiency 
and cavitation on the other. From the point of view 
of strength the runner blades must be sufficiently thick 
and the axis of rotation must be shifted towards the 
inlet edge to give a small torque, otherwise the gate- 
opening mechanism is apt to be strained, especially 
if the turbine has a large number of blades, and this 
requires at the same time a large diameter of the hub 
reaching deep into the draft tube, thus reducing its 
flow area. These requirements for strength are in 
opposition to the energy-producing and cavitational 
requirements. Narrow and long passages and a large 
diameter of the hub increase the wetted surface and 
consequently the losses due to fricticn. A small flow 
area at the outlet of the runner wheel increases the 
relative velocity, which increases the losses in the draft 
tube. 

The first tests carried out gave curiously different 
results. Either relatively high efficiencies were reached, 
but with a bad coefficient of cavitation, making the 
design out of the question, or a suitable cavitation 
factor was arrived at, but with a low efficiency, which 
was likewise impracticable. After having arrived at 
a design for a ten-blade Kaplan turbine, capable of 
competing with a Francis design, another procedure 
was adopted because the results of the first tests had 
proved the necessity of further systematic research. 
The hydraulic problem was, therefore, divided into 
the following basic groups—the runner wheel, the 


throat, the scroll and guide mechanism, and the draft 
tube. The separate effects of these components both 
on the efficiency and the coefficient of cavitation were 


examined. 

In the previous tests only the external values, i.e. 
the efficiency characteristics, were considered. For 
this purpose the losses in the turbine were divided 
into losses arising in the draft tube and those aris- 














Fig. 2. Variations in shape of cap 
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ing in the other parts of the turbine, especially 
in the runner wheel. The efficiency of the draft 
tube », was calculated according to the difference of 
exact efficiency measurements An by varying the 
diameter of the draft tube inlet, that is, by narrowing 
it by 4% and 6% in relation to the diameter of the 
runner wheel. The efficiency of the draft tube com- 
prises losses arising both in the draft tube proper and 
those arising in the extension of the throat. We assume 
that the different efficiency of the turbine as a whole 
is caused only by a change of the inlet velocity, C,. 
at the draft tube. (A detailed study of this assumption 
is given later.) The efficiency of the draft tube is given 
by the equation:— 


where C,, and C;, are inlet velocities into the draft 
tube with inlet narrowed by 4% and 6%. This formula 
was derived from the basic relation 

n= | hi, ies 

» is the optimum measured efficiency, 

h., are losses arising in the runner wheel, scroll 

and the guide mechanism, 

h., are losses in the draft tube. 

We are aware that in so calculating the efficiencies 
of the draft tube they include also the error in the 
efficiency measurement. If we calculate, by means of 
the efficiency »,, the losses caused by the draft tube, 
these amount to 13 to 14% of the total output for 
a throat narrowing of 6% and a hub of 68%. 

In order to be able to judge the energy aspect of 
the original ten-blade runner wheel with standardised 
blades* we compared it with a five-blade runner but 
with similar blades. In this comparison the efficiencies 
were measured on a model. Both the runner wheels 
were tested with different draft tubes so that we can 
eliminate their influence by applying the measured 
efficiencies of the turbine to the efficiencies of a tur- 
bine with an ideal draft tube. For this purpose we add 
to the measured efficiency of the turbine the relative 
losses arising in the draft tube. The result is the effi- 
ciency of the runner wheel, including only the losses 
in the scroll, in the guide mechanism and in the runner 
itself. 

The comparison was carried out with the same angle 
of adjustment of the runner blades to secure approxi- 
mately the same conditions in both runners. If we 
take as a basis an optimum opening B=12-5° on a 
ten-bladed turbine, at optimum revolutions, then the 
efficiency of a five-blade turbine with the same extent 
of opening £ is higher by 4-5%. The lower efficiency 
of the ten-blade runner is due not only to increased 
losses caused by friction in the passages of the wheel, 
and to the larger surface of the hub, but probably 
also to the circumstance that the profiles of the blades 
were not quite suitable. This assumption was proved 
by tests on new blades, the efficiency of which was 
1% higher than those originally used The calculation 
of the blades was necessary from both the efficiency 
and strength aspects. The original blades had a consi- 
derable torque which had an unfavourable strain effect 
at the point where the blade merges into the journal. 


where 


Calculation of the Blades 
In calculating new profiles for the runner blades 


* Dr. Nechleba. ‘‘Kaplan Turbine Blading,’’ Fourth World Power 
Conference, London, 1950, Section H 3, Paper No. 3, 
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the aim was to design a wheel which would—with 
the same cavitation qualities as the original blades— 
have a better efficiency and having the torque on the 
blade in the closed position reduced on average by 
30%. The regulating force necessary for the adjust- 
ment of the blades would thus be decreased and the 
stress in the blade reduced. It would then be possible 
to reduce the diameters both of the hub and of the 
cap. 

The calculation was carried out by means of in- 
tegral equations. 


Runner Wheel Hub 

The losses in the draft tube depend predominantly 
on the quantity of energy flowing in the tube, on the 
character of flow at the outlet from the runner, and 
on the efficiency of the draft tube itself. The energy 
treated by the draft tube depends on the inlet velocity 
C, which depends on the utilisation rate and on the 
cross section of the flow passage. It is not economic 
to reduce the velocity C, by decreasing the utilisation 
capacity of the turbine, as this method would result 
in a larger size of installation. The only possibility of 
reducing the velocity C, lies in enlarging the flow 
area by reducing the diameter of the hub or by widen- 
ing the throat. 

The boundary limit for the stated head of 70-5 m. 
requires a hub equal to 64% of the runner dia- 
meter. The hub originally suggested, 68%, reduced 
the flow area to such an extent that the optimum 
outlet velocity for unit values, i.e. the values for a 
diameter of the runner wheel of | m. and for a head 
of 1 m., amounted to 2°24 m. per sec., and the energy 
at the inlet into the draft tube e, =25-7%, of the total 
energy. For a hub of 64% the inlet velocity, C,, is 
2-04 m. per sec. and the energy e, = 21:3% of the total 
energy, i.e. 44% smaller than for the original type. 
For a ten-blade runner wheel this circumstance repre- 
sents an efficiency increase of 2:1%. The real gain is 
higher because the smaller diameter of the hub re- 
duces the friction losses and the smaller relative 
velocities reduce losses in the lattice. The larger flow 
area also decreases the volumetric losses owing to the 
smaller effective overpressure, both absolutely and 
relatively. The measured increase of efficiency for a 
hub of 64% amounted to 2°4%. 


Runner Wheel Throat 

Studies of the runner wheel were directed to ascer- 
taining the effect of the shape of the throats on the 
efficiency and on the cavitation coefficient of the tur- 
bine. No treatise on this problem for high-head Kap- 
lan turbines was to be found in literature. Only the 
work performed by Professor Kvjatkovski (Raboéij 
process osevoj gidroturbiny, MaSgiz 1951) and pub- 
lished in the scientific articles of VIGM gives some 
picture of the mutual effects of the throat and of the 
peripheral profiles of the blades on the efficiency. 
Professor Kvjatovski’s experiment was carried out on 
a five-blade model turbine with a hub diametc: of 
50%. By measuring the energy at the inlet and the 
outlet of the runner wheel in the individual elemen- 
tary turbines it was possible to calculate the efficiency 
of elementary lattices. By means of a graphical de- 
lineation of this efficiency, dependent on the radius 
of the runner wheel, the author ascertained an effi- 
ciency drop of the peripheral profiles by as much as 
9% compared with other profiles. The annulus, where 
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Fig. 5. Effect of scroll inlet diameter on the efficiency 
curve 


the drop occurs, represents 2/5 of the through-flow 
area, and in the same proportion also decreases the 
total efficiency, which amounts to 2% under optimum 
conditions. 

The shape of the scroll affects four values, i.e. the 
percentage of energy treated by the draft tube, the effi- 
ciency of the peripheral profiles, the volumetric losses 
and the efficiency of the draft tube. The tests proper 
were divided into three groups. In the first group the 
aim was to ascertain the optimum narrowing of the 
throat; in the second group the task was to charac- 
terise the effect of a bell-shaped throat on the effli- 
ciency of the peripheral profiles; while the third group 
served to determine the decrease of efficiency caused 
by an enlarged gap between the throat and the peri- 
pheral profiles of the runner blades. 

The measurements of the optimum narrowing of the 
throat were carried out with four types of throat, ie. 
6%, 4%, 2°5% and the cylinder type 0%. These tests 
were preceded by a theoretical calculation of the in- 
crease of efficiency due to the reduced inlet velocity 
to the draft tube. This calculation was based on the 
assumed equal efficiency of the peripheral profiles and 
was applied to the 6% type of throat. 

By widening the throat we enlarge the cross section 
for the flow and thus reduce the percentage of energy 
treated by the draft tube. But, on the other hand, we 
enlarge the gap between the throat and the peripheral 
profiles of the runner blades and, as a result, the 
volumetric losses as well. 

The equation for calculating the efficiency of the 
turbine with the same draft tube but a different throat 
is as follows: 
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Maal, Ci, 
n= Ne +(1 ho 22H - Ales od | 
where » is the calculated efficiency, 
the optimum efficiency measured with a 
6% throat. 
the efficiency of an Orlik-type draft tube, 
the outlet velocity from the draft tube, 
the inlet velocity into the draft tube, 
the coefficient of kinetic energy taking 
into consideration the inequality of meri- 
dional velocities in different places of the 
inlet cross section of the draft tube, 
the coefficient of kinetic energy taking 
into consideration the inequality of meri- 
dional velocities in different places of the 
outlet cross sections of the draft tube. 

The relation for the determination of » is valid in 
the case where the kinetic energy coefficient a is equal 
for different throats, the efficiency of the draft tube 
with a different throat is equal and the volumetric 
losses and the character of division of the circulation 
around the peripheral profiles of the blades are the 
same. 

These conditions, if we except the volumetric losses, 
cannot be ascertained by calculation, but their total 
value can be determined according to exact measure- 
ments of efficiency. Fig. 3 gives curves showing the 
efficiencies of a turbine D=1 m. depending on the 
percentage narrowing of the throat. The thin line 
marked », indicates the optimum efficiency of a 6% 
throat. The line of dashes marked », indicates the gain 
An compared with the 6% throat due to a reduced 
inlet velocity into the draft tube. The thick line »,, 
signifies the real measured values. The difference 1, 
~n, indicates the theoretical gain resulting from the 
widened throat, whereas Nv —m give the volumetric 
losses and a change of the efficiency of the peripheral 


profiles. The diagram is valid for n = 100 r.p.m. and 





I 
Q =0-9 cu. m. per sec. When the flow is increased 


the maximum of the curve »,, shifts to the right; when 
the flow is small it shifts to the left and the right 
branch sinks rapidly. 

The measurements show that the optimum throat 
has a narrowing of 4% compared with the diameter 
of the runner wheel. 

The volumetric losses, with a constant utilisation 
rate and unit revolutions, depend on the difference 
of pressure A, between the draft and the pressure 
sides of the blade, on the size of the gap F, and the 
flow coefficient through the gap. The calculated values 
are higher than the real ones. This is caused by the 
circumstance that, in the turbine lattice, the projec- 
tion of peripheral velocity U into the direction of the 
velocity V in the gap and the velocity V itself have 


the same direction, and the real through-flow velocity 
in the gap is smaller, due to the braking resistance of 
the stationary throat and the boundary layer. 

The volumetric losses between the throat and the 
peripheral profiles of the runner blade can be divided 
into two parts, to wit, the losses arising in the gap 
between the inlet edge as far as the rotating axle 
of the blades, and the losses caused in the space 
between the axle and the outlet edge. The energy of 
the fluid, passing through the gap between the inlet 
edge and the rotating axle, is not lost entirely as it is 
exploited by the lower half of the blade. But the energy 
in the gap between the rotating axle and the outlet 
edge is lost entirely, unless we take into account a 
negligible gain, to wit, an increase of the underpres- 
sure behind the throat of the runner wheel. As a 
matter of fact, this gain is undesirable for cavitational 
reasons. 

The calculation of volumetric losses in the gap be- 
tween the rotating axle and the outlet — is carried 
out for new blade profiles and for the 6%, 4%, 2°5% 
and cylinder types of throats. It is necessary to remark 
that the calculation serves for an orientation only be- 
cause the exact flow coefficients through such a small 
gap are not known. Also the real difference in pres- 
sures A, is smaller than the theoretically calculated 
one. This is due to sub-losses caused by streaming 
at the peripheral profiles. The value A, was deter- 
mined according to the dislocation of velocity around 
the profile, ascertained during the calculation of run- 
ner blades. 

The calculated decrease of efficiency due to volu- 
metric losses, the theoretical increases in efficiency by 
widening the throats, determined mathematically, and 
the measured values, are given in Table I. 

When comparing these results with the actual 
measurements we find that they are equal only for the 
4% and 2:5% types of throat, while for the cylinder 
throat the decrease in efficiency was greater. This is 
quite correct because the losses of peripheral veloci- 
ties were not included in the calculation. The effect 
of the shape of the throat on the character of the 
circulation around the peripheral profiles, assuming 
constant rate of flow and speed of rotation, could be 
determined neither by calculation nor by measure- 
ments. We assume that the gap between the throat 
and the last profile of the blade above the rotating 
axle, i.e. the gap towards the inlet edge, has the most 
considerable effect. The reasons are as follow: the 
difference in pressure between the pressure and the 
draft tube sides of the peripheral profiles increases 
towards the inlet edge. and in the same direction the 
gap also grows larger. There must therefore be inten- 
sive sub-streaming in this place which affects the effi- 
ciency of the peripheral profile lattice. In order to 
clarify this, a test was carried out with a bell-shaped 
throat with an upper narrowing of 2%. The result 
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was negative. The highest measured efficiency did not 
exceed the values ascertained by tests carried out 
previously. 

From these studies of throat-shape effects some 
conclusions concerning the runner blades can be 
drawn. The most important is the maximum extent 
to which the length of the peripheral profile can be re- 
duced (provided it is permitted by the cavitational 
coefficient) for the purpose of reducing the gap be- 
tween the inlet and the outlet edges. Thus a stabilised 
blade is formed which also has a peripheral profile 
of higher efficiency. 

The throat research was ended by examining the 
effect of the gap between the blade tips of the 
runner and the throat, in terms of efficiency at different 
speeds. The measurements were carried out with a 
constant adjustment of the runner and guide blades 
in order to increase the exactness. As we expected, the 
tests showed a drop of efficiency as the gap was en- 
larged, as shown in Fig. 4. 


Scroll 

Generally, the effect of the scroll shape for Kaplan 
turbines is that the larger the inlet diameter the more 
the optimum efficiency shifts into higher utilisation 
capacities, and the better are the higher sections of 
the characteristics. On the lower sections of the 
characteristics the size of the scroll has almost no 
effect. An improvement in the efficiency of the upper 
characteristics does not necessarily mean an improve- 
ment in the peak efficiency. On the contrary, a reduc- 
tion in specific velocity at the inlet may reduce the 
peak efficiency. This fact was shown by scrolls of a 
model turbine with inlet openings equal to the dia- 
meter of the runner wheel muitiplied by 1-35 and 1-23. 
A clear picture is given in Fig. 5. 

The improvement in efficiency with large inlet 
scrolls is a result of the smaller losses incurred by 
friction in the scroll itself and to a smaller shock 
component at the entrance to the guide mechanism. 
Both these components only became apparent at the 
higher utilisation capacities and have, therefore, no 
practical influence on the lower part of the charac- 
teristics. 

A higher ovtimum efficiency of the scroll with a 
greater specific velocity is caused by shifting the 
optimum towards the smaller utilisation capacity lying 
nearer the optimum of the draft tube. This increase 
of efficiency can take place only when the difference 
between the changed efficiencies of the draft tube and 
of the runner wheel, including the scroll and the guide 
mechanism, is positive. In the opposite case a decrease 
of the optimum efficiency occurs. 


Draft Tube 

In accordance with the experience gained during 
previous tests with an eight-bladed turbine a new draft 
tube was designed. In order to prevent the stream 
from forming pockets at the walls, the value determin- 
ing the widening of the draft tube extension was deli- 
berately chosen too small. As a matter of interest, the 
expected low efficiency of this draft tube improved 


Fig. 6 (opposite). Stroboscopic pictures of cavitation 
performance at various o values at the optimum 
point of the turbine 
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the coefficient of cavitation, but, of course, it reduced 
the overall efficiency of the turbine. The new draft 
tube is wider at the throat extension, and raised the 
total efficiency of the model turbine by 1:5%. 


Cavitation Tests 

The aim of the cavitation tests was to ascertain 
the effects of the individual parameters of the hydrau- 
lic parts on the cavitational qualities. The tests can 
be divided into the following three groups according 
to the purpose of the measurements: 
(1) Effect of the shape of the throat on c. 
(2) Effect of runner blades having different profiles 

on oc. 

(3) Effect of the shape of the cap on co. 


Shape of the Throats 

It follows from the actual measurements that the 
optimum shape of the throat as regards cavitation 
equals the optimum shape for power production. At 
low loads the shape of the runner wheel throat has 
practically no effect on the cavitation coefficient, this 
being largely caused by the gap cavitation. With lar- 
ger openings the shape of the throat has a substantial 
elfect because in the narrowed throats, 6%, a cavita- 
tion rim arises, and in the wider throats, i.e. the cylin- 
der type, gap cavitation is formed, accelerating the 
beginning of pulsation. 


Effect of the Shape of Runner Blades 

The measurements carried out with standardised 
runner blades and with the new shortened blades have 
shown no substantial difference in the coefficient of 
cavitation. 


Effect of the Shape of the Cap 

The cap was tested in three variations, as shown in 
Fig. 2. It was found that the caps had no practical 
effect on the shape of the cavitation characteristics. 


Fig. 6 A—D gives stroboscopic pictures of cavitation 
phenomena at various o values at the optimum point 
of the turbine. 


Conclusion 

The research of the ten-bladed Kaplan turbine was 
based on a theoretical examination of efficiency and 
cavitation measurements. By means of the described 
method, dealing only with the external characteristics 
of the turbine, the objective was achieved. The effi- 
ciency of the turbine was increased by 4°5%, and 
amount of effort needed to adjust the runner blades 
was reduced. The weight of the runner wheel and the 
lead-in piping was also reduced by approximately 
10%. The research work was ended by measuring 
the characteristics of efficiency on a large model, 
geometrically similar to the real turbine. Within the 
framework of this research 28 efficiency measurements 
were undertaken on a small model, 7 measurements 
on a large model and 12 measurements at a cavitation 
station. 


Note. This article has been placed at our disposal 
through the good offices of Technoexport, Foreign 
Trade Corporation for Export of Complete Industrial 
Plants, Prague, which arranges the supply of equip- 
ment for hydro-electric contracts abroad. 
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Fig. 1. St. Pierre dam from the upstream side, nearing completion 


The St. Pierre Cognet Development 


This 100 MW scheme is the third of a series of 
developments undertaken by Electricité de 
France on the Drac in the Dauphine Alps 


HE region with which we are concerned in this 

article is rich in French history. A plaque on the 

wall of the Hétel de Ville at Grenoble states that 
on June 14, 1788, a meeting was held therein at which 
the decision was taken leading to the French Revolu- 
tion, and it was from this meeting that a deputation 
went to Vizille, some 12 km. south of Grenoble, where 
the Revolution actually commenced. 

Some years later, in 1815, Napoleon, after landing 
on the south coast on his escape from Elba, pioneered 
a route which passed up the valley of the Durance, 
crossed into the Hautes Alpes by the Bayard pass. 
followed down the valley of the Drac to La Mure and 
thence proceeded via Vizille and Grenoble. This route 
is one of the French National Roadways, but it is 
called the “Route Napoleon” to this day, and an 
equestrian statue of Napoleon forms a point of interest 
on the road between the lakes south of Laffrey. 
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When we travelled recently along the Route 
Napoleon from Grenoble to La Mure, although our 
objective was the St. Pierre-Cognet development on 
the Drac, and in spite of our English blood, we could 
not help sharing the fascination of these recollections 
with our French friends, and our visit to this wild but 
beautiful country gave us a clearer understanding of 
Napoleon’s achievement in forcing a route through 
such rugged terrain. 

It behoves us to avoid such banalities as “modern 
Napoleons of industry,” but the Drac is only one of 
the many tributaries in the Rhéne catchment that are 
being developed with a savoir faire characteristic of 
Electricité de France, and our visit brought home to 
us afresh the difficulties involved in constructing a 
hydro-electric development in conditions that call for 
the services of mountaineers and raise serious prob- 
lems of transport. 

1957 
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The Drac ; ‘ 
The Drac rises in the Dauphine Alps and curves 


round to flow north-westerly until it is joined on the 
eastern side by the Bonne near La Mure, Thence it 
turns first west and then north to flow into the Isére 
at Grenoble. At St. Pierre the catchment area is 1,118 
sq. km., and if we include an area of 362 sq. km. 
which will be utilised from the catchment of the 
Bonne, the total area serving the development will 
eventually be 1,480 sq. km. Allowing for the contribu- 
tion from the Bonne, the average annual precipitation 
is 1,450 million cu. m. and the mean annual discharge 
46 cu. m. per sec. The regime is characterised by a 
peak in May and June, reaching an average value of 
83-5 cu. m. per sec. in the latter month, a period of 
low flow in August, rising to a lesser peak of 46-4 cu. 
m. per sec. in November, followed by a period of low 
winter flow, reaching a minimum of 23-6 cu. m. per 
sec. in January. In designing the St. Pierre-Cognet 
works, allowance had to be made for a maximum ex- 
ceptional flood of 1,800 cu. m. per sec. 

Reference to the map, Fig. 2, will show the position 
of St. Pierre Cognet in the general scheme of develop- 
ment. Disregarding a small station at Avignonet 
which will eventually be superseded, St. Pierre Cog- 
net is the third of six schemes that will ultimately 
fully develop the Drac down to its confluence with the 
Romande. The first scheme to be commissioned was 
at Sautet, which is farthest upstream and was com- 
pleted about 25 years ago with an installed capacity 
of 74:3 MW. Just before the war a tailpond was con- 
structed at the Sautet station to withdraw the water 
to the Cordeac station, of 60 MW capacity. St. Pierre 
Cognet, of 100 MW capacity, is the next in the chain, 
and will be followed by Monteynard and finally by a 
station, not shown in the illustration, at Notre Dame. 
A diversion tunnel having a capacity of 800 cu. m. per 
sec. has already been driven round the site of Montey- 
nard dam, and at the time of our visit the cofferdam 
was in course of construction. This station will be by 
far the largest on the river and will have an ultimate 
capacity of 320 MW. Notre Dame and Champ stations, 


which together will be of 50 MW capacity, are still in 
the project stage. 


The St, Pierre-Cognet Development 

A thin arch dam has been thrown across the valley 
of the Drac at St. Pierre to impound a total of 29 mil- 
lion cu. m. of water of which 11 million cu. m. will be 
live storage. The maximum water level will be 580 m. 
and the permissible fluctuation 11 m. A circular-sec- 
tion supply tunnel, 6-4 m. in diameter and 2,300 m. 
long, leads to a 100 MW semi-underground station at 
Cognet, where the water is returned to the Drac at a 
level of 487 m., giving a gross maximum head of 93 m. 
Arrangements will also be made to divert the Bonne 
into the St. Pierre reservoir. 


The Dam 

St. Pierre dam is depicted in an advanced stage of 
construction in Figs. | and 5, and a plan is reproduced 
in Fig. 3. In view of the narrowness of the gorge and 
the quality of the rock an arch dam was the obvious 
choice. It is of the single-curvature type, the vertical 
upstream face being cylindrical and having a radius 
of 62 m.; the crest length is 130 m. The maximum re- 
tention level was fixed at an elevation of 585 m., which 
called for a dam 75 m. high from lowest foundation. 
The thickness at the crest is 3 m. and at the base 12 m. 

At the foot of the dam, there are two scour open- 
ings each controlled by an S.F.A.C. (Société des 
Forges et Ateliers du Creusot) head roller gate, 4 m. 
wide by 6°5 m. high, followed by a 3 m. by 4 m. seg- 
ment gate. The total discharge through the two open- 
ings is 670 cu. m. per sec. This ample scouring capac- 
ity has been provided in view of the large amount of 
silt carried down by the Drac. 

In addition to these spillways, at the centre of the 
dam just below the crest, there are two spillway open- 
ings, each controlled by a Bouchayer & Viallet sliding 
gate 8 m. wide by 6 m. high. At maximum retention 
level the total discharge through the three openings is 
1,170 cu. m. per sec. 

Some regulation of the Drac at this point was 
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Fig. 2. Map showing the location of the St. Pierre Cognet development on the Drac 
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effected as long ago as 1934, when a diversion tunnel, 
4°5 m. in diameter, was driven through the right bank 
and a cofferdam was constructed to a crest level of 
536 m., the discharge through the tunnel being 220 
cu. mi. per sec. These works were undertaken with 
the possibility in mind of eventually constructing a 
permanent dam on this site, and they have accordingly 
been used to protect the present construction. The dis- 
charge capacity of the tunnel, however, was insuf- 
ficient to cope with the maximum annual flood of 500 
cu. m. per sec., and a second tunnel was therefore 
driven in the left bank to a diameter of 5-8 m. and 
with a capacity of 370 cu. m. per sec., making a total 
for the two tunnels of 590 cu. m. per sec. 

About 10,000 cu. m. of excavation was required to 
prepare the foundation and abutments for the dam. 
The valley walls had to be cleaned down and the abut- 
ments prepared by mountaineers, and the foundation 
trench was carried down below rock level to a depth 
of 2 to 3 m. A grout curtain was formed in the walls 
and floor by holes 30-40 m. deep drilled radially from 
various levels so that the resulting fan patterns would 
interlace. When the foundation concrete was in place, 
grout holes were drilled diagonally downwards, from 
front and rear so as to intersect, to a distance of 5 m. 
into the rock, to seal the joint between concrete and 
rock. 
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Fig. 3. Plan of the St. Pierre dam 


The dam itself was built in blocks 10-12 m. wide 
and in vertical sections about 13-5 m. high. Concrete 
was placed in individual lifts of 1-5 m. The construc- 
tion joints between blocks were made by a copper 
sheet near the upstream face and steel plate near the 
downstream face. Grouting channels were formed in 
the abutting faces between the blocks, and each verti- 
cal section was grouted individually. 

Aggregate was procured from a quarry 7:5 km. 
away from the site and transported by overhead rope- 
way to a crushing and grading plant making four 
sizes: 0-5 mm., 5-20 mm., 20-60 mm., and 60-150 mm. 
Concrete was prepared in two Blaw-Knox 1°5 cu. m. 
mixers and delivered to bottom-opening hoppers 
which were transferred to site on diesel-engined trains 
and then transported to the dam by a second Blondin. 
The preparation plant was on high ground near the 
right bank of tke site, and there was also an aerial 
ropeway for the transport of personnel from one side 
of the valley to the other. 


The Bonne Diversion 

One of the older developments in this catchment is 
that of the river Bonne, which, as already described, 
flows into the Drac some 0-8 km. below St. Pierre 
dam. The existing works comprise a 7,000 kW station 
at Pont Haut (see the map, Fig. 2), a dam below this 
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Fig. 4. Sections showing the system of rock bolting preliminary to blasting used for traversing unsound 
rock when driving the supply tunnel 
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station, and a 3,150 km. supply 
tunnel to a 5,150 kW station, 
called the Lower Bonne plant, on 
the right bank of the Drac. 

It is proposed eventually to re- 
route the final section of the 
supply tunnel to the Lower Bonne 
plant so that it discharges into 
St. Pierre reservoir, the station at 
La Bonne being dismantled. To 
make this diversion effective, the 
Pont Haut dam will be replaced 
by a higher one. This will raise 
the level of the tailwater at Pont 
Haut station, and the reduction in 
output is being taken into account 
in assessing the ultimate capacity 
of the scheme. 


Intake and Supply Tunnel 

As will be seen from the plan, 
Fig. 3, the supply tunnel commen- 
ces in the left bank just above the 
dam. The intake-tower structure, 
which can be seen under con- 
struction in Fig. 1, is reached by 
a short access tunnel from the 
dam footway, and embodies a 140 
sq. m. intake opening covered by 
a 50 mm. grid, followed by a slid- 
ing sluice 5:5 m. wide by 6-4 m. 
high. This sluice, which was also 
supplied by Bouchayer & Viallet, 
is designed to enable the tunnel 
to be dewatered against a head 
of 24 m. above sill level. 

The supply tunnel is designed 
for a flow of 132 cu. m. per sec. 
and is of horseshoe section, 6-4 
m. in equivalent diameter and 
about 2,290 m. long to the surge 
chamber, the slope being 3%. It 
entailed 94,000 cu. m. of excavation, and 25,000 cu. 
m. of concrete was required for the lining. 

Great interest attaches to the method of construct- 
ing this tunnel, as an original technique was developed 
to suit difficult rock conditions, particularly towards 
the downstream end. The rock is calcareous, of Lias 
age, in beds from 0:5 to 1:5 m. thick separated by 
thin layers of clay and broken up by numerous dia- 
clase fractures. The dip is nearly vertical, and the tun- 
nel intersects the strata at an angle of about 30°. 

The tunnel was driven throughout by means of a 
bottom heading ranging in area from 9 to 16 sq. m. 
according to conditions, which was subsegeuntly en- 
larged to the full unlined section of 45 sq. m. At the 
downstream end the first 1,000 m. advanced very 
slowly, as 60% of the pilot tunnel required wooden 
support, and on the finished section the overbreak 
amounted to 10-15 cu. m. per metre of advance. 
Heavy steel supports had to be set to the full section 
at | m. centres, and timber packing had to be care- 
fully set in the overbreak. 

Consideration was therefore given to the possibili- 


* This system was described in the ccurse of an article, ‘‘Bolted Support 
for Tunnels,"’ by L. v. Rabsewicz, Water Power, April and May, 1954, 
pp. 150 and 171 
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Fig. 5. Downstream view of St. Pierre dam 


ties of rock bolting, and particularly to the use of con- 
crete anchors as applied in certain German mines.* 
These investigations led to the development of a tech- 
nique that resulted in safer, quicker and cheaper driv- 
ing in adverse conditions that obtained. 

Referring to Fig. 4. at every metre of advance a 
series of 12 radial holes was drilled from the roof of 
the pilot tunnel, each hole being 40 mm. in diameter 
and 4:5 m. long. This length was such that the holes 
extended 2 m. beyond the profile at full section, and 
the number of holes was chosen so that at the profile 
the centre distance between holes was 1 m. trans- 
versely as well as in the direction of the tunnel. 

Steel bars, 12 mm. in diameter, about 2 m. long, and 
bent to a gently undulating contour, were then pushed 
to the ends of these holes, where they occupied the 
length of hole outside the finished profile. A grout 
consisting of one part cement to two parts of fine sand 
was then injected into the portion of the hole occupied 
by the rod, and a pressure of 15 kg. per sq. cm. main- 


+ For much of the following information we are indebted to an article 
written by P. Volumard. EDF’s Resident Engincer at St. Pierre Cognet, 
and A. Bastide, one of the EDF engineers, and subsequently pub- 
lished in Travaux, October 1957, p. 520. We also had the benefit of 
detailed discussions with Mons. Volumard and his staff when we visited 
the development and saw the tunnel in course of construction 
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tained for five to ten minutes, the amount of grout 
taken by each hole being about 40 kg. A packing piece 
prevented the grout from filling the length of hole 
inside the profile. Eight further holes were also drilled 
in the walls of the heading below the radial holes as 
far as the profile. All holes over a length of advance 
of 5 to 10 m., depending on conditions, were then 
charged and fired. 

The beauty of this procedure, of course, was that 
the roof arch was bolted before it was exposed, and 
as might be expected, working conditions became 
much safer. To enhance this improvement, the inner 
extremities of the steel bars were threaded to carry 
bolted plates supporting a steel mesh, of 100 m. pitch, 
to prevent minor falls of stone. 

But the improvement in safety was not the only 
benefit derived. Comparative tests on two 35 m. 
lengths of tunnel showed that the overbreak was re- 
duced by an average of 5 sq. m. of section. Less timber 
packing was required, it was possible to increase the 
spacing between supports to 2 m., and the volume 
of concrete needed was reduced. The rate of advance 
of the full section was increased from 3-5 to 5:2 m. 
per day. This improvement in speed was due partly 
to the smaller number of supports that had to be set, 
and partly to the change in the method of blasting to 
full section. It was unnecessary to revert to the usual 
system of drilling shot holes parallel to the axis of the 
tunnel, as the radial holes were used for shotfiring, 
and it was possible to bring down 200-300 cu. m. 
per round, thus reducing the idle time incurred by 
shotfiring. 

On a cost analysis it was found that in average ter- 
rain the savings effected just about balanced the cost 
of applying the system, but in poor terrain a net sav- 
ing was effected of 40,000 fr. per metre of advance. 

Two Monabert pneumatic drills were used to cut a 
total of three sets of radial holes per day, and the 
same rate of advance was maintained in setting the 


Fig. 6. Steel shuttering in place for lining bolted and 
supported section of tunnel 
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reinforced-concrete anchors by means of a single Sole- 
tanche grouting machine operating at a pressure of 
15 kg. per sq. cm. After firing, the muck was loaded 
by two Conway shovels into 4 cu. yard trucks hauled 
by Fenwick electric locomotives. 

Lining was accomplished by first laying the invert, 
on which rails were laid to carry the metallic shutter- 
ing for the walls and crown, as seen in Fig. 6. A 
section of the completed tunnel is depicted in Fig. 7. 


Surge Chamber and Penstocks 

The surge chamber is of the restricted-orifice type 
with an overflow at 580-°5 m. From the downstream 
side of this chamber are taken two steel-lined pen- 
stock tunnels, each 4:2 m. in diameter and extending 
about 52 m. to a concrete anchor block at the tunnel 
portals. The entry to each tunnel is controlled by a 
3-4 m. wide by 4°5 m. high sliding sluice operating 
from a winch house located over the surge chamber 
spillway. From the anchor block two hooped steel 
penstocks, supplied by S.F.A.C., Chalon, lead to the 
two turbines in Cognet power station. Each penstock 
is 4 m. in diameter, No. | being 174 m. long and No. 2 
168 m. long. 


Cognet Power Station 

Cognet power station, as will be seen from the 
drawings, Figs. 9 and 10, and the general view, Fig. 8, 
is of the underground type but is immediately below 
the surface and has been excavated by cut-and-cover 
methods. The machine hall is disposed centrally; 
along one side of this hall is a valve gallery, and 
along the other is a three-storey annexe housing the 
control room and auxiliary equipment. Above this 
annexe is a small surface office building which also 
affords access by lift and stairs to the station. The 
station structure is in reinforced concrete, and those 
walls of the machine hall and auxiliary annexe which 
face the rock are made hollow to prevent condensa- 


Fig. 7. Lined section of tunnel, with steel-supported 
unlined portion in the background 
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Fig. 8. Cognet machine hall, with a rotor on the assembly floor 


tion and to afford a systematic ventilating circuit. 

The two generating sets are disposed on either side 
of a central assembly floor which is level with the feet 
of the generators, each generator being partitioned off 
from this assembly space by a concrete wall, so that in 
effect it is in a separate cell. For the most part, the 
roof of the machine hall is heavily concreted and 
backfilled, but over the assembly floor a large hatch- 
way enables equipment to be lowered from the sur- 
face by means of a 2 x 25 ton double-winch portal 
crane, the concrete walls of the machine hall being ex- 
tended to the surface to carry the rails for this crane. 
Within the machine hall the loads are handled by a 
180 ton gantry crane, and the valve gallery is served 
by a 70 ton crane. All cranes were supplied by Sore- 
tex, Grenoble. 

Each turbine discharges into a separate tailrace 
tunnel, that for No. | set being 95 m. long and for 
No. 2, 62 m. long. These tunnels operate against a de- 
signed restitution level of 487 m., and are of horseshoe 
section of 6 m. equivalent diameter. At the discharge 
end each tunnel bifurcates into two approximately 
rectangular openings 5 m. wide by about 6 m. high. 
Two stoplogs, complete with a travelling winch, have 
been supplied by Ets. Bouchayer & Viallet to enable 
either tunnel to be dewatered against a maximum 
river level of 11:5 m. above the sill. 
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Each tunnel was driven from the two ends, the river 
portal being protected by a cofferdam built up with 
concrete gabions made from breeze. Just inside the 
mouth of each tunnel a temporary arched concrete 
membrane was built in order to protect the workings 
from flooding in the event of the cofferdam being 
overtopped. This arrangement also enabled the first 
tunnel to be placed under water while work was still 
proceeding on the second. 


Main Generating Sets 

The main generating equipment consists of two 
55 MVA vertical Francis machines. Each turbine 1s 
designed for a discharge of 60 cu. m. per sec. at nor- 
mal opening and of 65 cu. m. per sec. at full gate. 
They were built by Société Frangaise de Construc- 
tions Mécaniques (anciens Etablissements CAIL) with 
the technical assistance, and according to the design 
of Franco Tosi, S.p.A., Legnano. The accelero-tachy- 
metric governors and various steel castings were 
manufactured or machined in the Legnano works, as 
were the turbine runners, two of which were cast by 
George Fischer, Schaffhausen, and the spare by Fon- 
deries SIAC at Génes. 

These large runners, which are about 3 m. in dia- 
meter and are in 13% chrome stainless steel, consti- 
tute one of the masterpieces of the equipment. They 
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were made in this quality of steel in order to afford 
the best possible resistance to cavitation damage and 
thus to allow the turbine to be placed at as high a level 
as possible; this offers many advantages in respect of 
the reduced volume of excavation and security against 
flooding. These runners are arranged to be withdrawn 
downwards. 

Great care has been taken in the design of these tur- 
bines to secure long life and to minimise the cost of 
maintenance, and for this reason the wearing strips 
fixed to the body of the turbine are in 13% chrome 
stainless steel. A central automatic lubricator has been 
installed which periodically delivers an appropriate 
charge of grease to each pin. 

The turbine cover houses a guide bearing which is 
self-lubricated by the rotation of the shaft, the oil 
being water cooled. The set is of the two-bearing type 
—a design that reduces the length of the shaft and the 
top hamper of the machine. The second bearing is 
carried in the upper bracket of the alternator. 

The turbine valves are of the spherical type, having a 
bore of 3:10 m.—amongst the largest of this type. A 
special oil reservoir with an air cushion always main- 
tains the necessary reserve of energy to close the valve 
even in the event of a fault on the general oil circuit of 
the turbine. 

The alternators were built by Compagnie Electro- 
Mécanique, Paris, each being rated at 55 MVA, 0-9 
power factor, 10°3 kV, 214 r.p.m., and weighing 327 
tons complete. The flywheel effect is 2,700 ton-m* and 
runaway speed 400 r.p.m. The rotor diameter is 
5-554 m. and the diameter over the casing 7:2 m. 

A combined thrust and guide bearing is located 
above the rotor, the only other bearing being the tur- 
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bine guide bearing. Main and auxiliary exciters are 
carried above the thrust bearing. 

Transport over the mountainous road between St. 
Jean d’Hérans and Cognet bridge was a serious prob- 
lem due to the size and weight of these machines, and 
their design was conceived so that they could be 
largely built on site without compromising their elec- 
trical or mechanical characteristics. Even so, careful 
planning was needed so that erection could be accom- 
plished on the comparatively restricted area of the 
assembly floor without interfering with the work of 
other contractors. 

Furthermore, the particular layout of an under- 
ground machine hall surmounted by an above-ground 
portal crane enabled an erection shed to be built on 
the ground between the legs of the crane, where the 
rotor rims were assembled. These rims measure about 
4 m. in external diameter, and could not easily have 
been transported from the maker’s works without dan- 
ger of deformation. 

The stator frame is of welded steel plate and was 
made in six parts which were transported separately 
and put together on the assembly floor. It was stipu- 
lated by EDF that the magnetic circuit should be 
without joint, so that laminations, of electrical-qual- 
ity paper-insulated sheet, were not assembled until the 
frame had been put together ox the assembly floor of 
the station. When the core had been built up, the 
stator was transferred to its final position, leaving the 
assembly floor free for the rotor, and the winding was 
inserted. This is of the Brown-Boveri Roebe] type, 
with two conductors per slot. 

The rotor body consists of a cast-steel spider on 
which half-couplings are formed at top and bottom, 
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the one being for the shaft extension carrying the ex- 
citers and thrust bearing, and the other for connection 
to the turbine. Encircling the spider are two rings, 
disposed side by side and separated by a ventilating 
space. Each ring was assembled from segments of 
steel plate held together by fitted bolts; it was then 
heated by induction, shrunk on to the spider and 
keyed in place. Cast-steel poles, carrying copper-strip 
windings, were then secured to the rings by dovetail 
joints. Ventilating fans were added to the upper and 
lower rims of the rotor, and a disc of special steel was 
fixed to the underside to act as a brake path. 

Cooling of the alternator is on the closed-circuit 
system by means of six water coolers disposed round 
the outside of the stator frame. 

The upper bearing bracket is built of welded steel 
plate, and comprises a central carcase, forming an oil 
chamber and support for the combined thrust and 
guide bearing, and six radial arms, which are bolted to 
the central carcase and rest on the stator frame. The 
lower bracket, as has already been made clear, does 
not carry a guide bearing but merely supports twelve 
brake jacks. These jacks serve both for braking and 
for jacking, and are oil operated. For jacking, the oil 
pressure at 100 kg. per sq. cm. is derived from an elec- 
trically driven pump; for braking, compressed air is 
admitted at 7 kg. per sq. cm. to an oil reservoir which 
communicates the pressure to the oil in the jacks. 
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The thrust bearing is of the Brown-Boveri type with 
elastically supported pads, and has been designed for 
a total load of 400 tons. Radial guide pads are dis- 
posed round the periphery of the thrust collar. The 
collar is locked into a throat on the shaft extension by 
a system of rings and segments. The complete assem- 
bly is drowned in oil, and a water cooling coil is 
accommodated in the oil chamber. 

The main exciter is situated immediately above the 
thrust bearing, and is compound wound to give rapid 
response under variable load, the series winding being 
specially enlarged for this purpose. The shunt wind- 
ing is of small dimensions and is controlled by a 
Brown-Boveri type AB4G regulator. This winding is 
supplied by a double-winding permanent magnet 
generator mounted above the exciter. The two wind- 
ings of this machine are placed in the same slots, one 
feeding the shunt field of the exciter and the other 
furnishing alternating current for the actuator head. 

In the view inside the machine hall, Fig. 8, the 
assembled rotor for the first machine is seen in the 
foreground, and the lower bracket, with some of the 
brake jacks in position, is temporarily stacked on top 
of it. The concrete cell which will house the finished 
machine is in the background. 

Power from the machines is taken at generator volt- 
age by aluminium busbars through a sloping gallery 
to the transformer cubicles on the surface, seen in Fig. 
10. A covered maintenance chamber is arranged along- 
side the cubicles, and the usual precautions are taken 
for the drainage of oil and the suppression of fire by 
water spray in case of mishap. 


Main Transformers 

Each alternator is directly connected to a three- 
phase 55 MVA 10/220 kV transformer, one built by 
Ateliers de Constructions Electriques de Charleroi 
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and the other by Forges & Ateliers de Constructions 
Electriques de Jeumont. They are amongst the first 
transformers connected to the French 220 kV system 
in this region of the Alps in which the insulation on 
the neutral side is reduced to 150 kV.; further, the 
neutral point of cach transformer is permanently con- 
nected either to earth or to a 150 kV Alsthom light- 
ning arrester. 

On the 220 kV side the nominal circuit voltage is 
236 kV. Tappings provide a voltage adjustment 
of +6%, but as the need for making such adjust- 
ments arises very rarely, it was decided, in the 
interests of reduced cost and improved robustness, to 
arrange the tappings on a terminal board within the 
transformer case, this board being reached by remov- 
ing a plate from a handhole in the cover. 

These transformers are of the shell type, and are 
constructed in accordance with the designs of the 
American Westinghouse Company. The ingenuity of 
the design lies in the manner in which the tank itself 
is used as the final strength member. The top and sides 
of the tank form a single entity in the form of a bell, 
the transformer proper being built up on a compara- 
tively shallow steel box which forms the base of the 
tank. The outside laminations of the magnetic circuit 
are carried on the widened rim of this base box, and 
the intermediate legs on tee-pieces of non-magnetic 
steel. No bolts are used to clamp the magnetic circuit, 
but cross-members welded to the interior walls of the 
bell come down on top of the laminations, which be- 
come clamped firmly together under the weight of the 
tank. These cross-members also act as structural rein- 
forcement to the tank walls. There is a complete sys- 
tem of wedges between the windings and the lamina- 
tions, but, in addition, wooden wedges are interposed 
between the laminations and the tank walls, so that 
when the bell is in position the entire transformer 
assembly is rigidly clamped within it. 

The bell is then secured to the base box by a fillet 
weld, forming an oiltight joint which can nevertheless 
easily be broken by a pneumatic chipping hammer 
when it is desired to reopen the transformer. 

A further practical advantage of this construction 
is that the size of crane needed in the transformer 
maintenance bay is limited to that required to lift the 
bell. Thus, at Cognet, although each transformer 
weighs 140 tons with oil and 103 tons without oil, a 
crane of only 12 tons capacity—the weight of the bell 
—is all that is needed. 


Electrical System 

Immediately behind and above the transformer 
cubicles is the outdoor substation. This substation is 
provided with a single set of busbars, and comprises 
a high-voltage circuit breaker for each generator and 
: circuit breaker feeding the 220 kV Cordeac-Mions 
ine. 

The generator circuit breakers are of a new air- 
operated suspended type (type DCSF) developed by 
Compagnie Electro-Mécanique, and have a rupturing 
capacity of 5,000 MVA. The transmission-line circuit 
breaker is a Merlin-Gerin type PR96-12, and is also 
operated by compressed air. It has a rupturing capac- 
ity of 9,000 MVA. It has been thought desirable to 
interconnect the operation of the isolators with that 
of the circuit breakers, and to this end the isolators, 
which are oil operated, are opened automatically a 
few moments after their corresponding circuit 
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Fig. 11. One of the stainless-steel turbine runners 


breakers, whether the breakers are operated by push- 
button or by a protective trip. These isolators are of 
the vertical-break type by Berthon & Cie. The 220 kV 
voltage transformers were supplied by Delle and the 
voltage-divider condensers by Haefely. 

The substation has been made as simple as possible 
and is economical of space. There is no railway track, 
and all equipment is carried on metallic supports sunk 
directly into the ground. 


Auxiliary Supply 

In the top storey of the underground auxiliary an- 
nexe of the power station is a 30 kV substation fed by 
two 30 kV lines, one interconnecting the power sta- 
tions of the region and the other derived from the 
general 30 kV network, which has an important in- 
terconnection near La Mure. In this substation there 
are three 30 kV/380 V transformers, one of 250 kVA 
to supply the station auxiliaries, a second of 150 kVA 
capacity for the outdoor substation, and a third to 
serve the nearby village for the staff. In place of oil, 
the insulating liquid used in these transformers is 
Pyralene, which is non-inflammable. Any transformer 
can act as a reserve to another transformer in case 
of breakdown. The entire substation, including the 
compressed-air circuit breakers, was equipped and in- 
stalled by Compagnie Electro-Mécanique. 


Electrical Equipment 

The control boards, wiring, and polyvinyl and poly- 
ethylene-insulated cables were installed by Com- 
pagnie Générale d’ Entreprises Electriques, while the 
aluminium busbars and high-voltage cubicles were 
equipped by Entreprise Industrielle. 


Safety Precautions 

The supply to the auxiliaries is safeguarded by a 
250 h.p. diesel generator located on the same floor as 
the 30 kV substation. In the event of a failure of the 
30 kV supply, this set starts up automatically. Fur- 
ther, in the event of a cessation of current, the motor- 
driven pump supplying the oil for the turbine gover- 
nors is automatically replaced by a pump driven by 
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a small Francis turbine. Again, the high-voltage power 
system and the medium-voltage local network are 
kept entirely separate. 

In an underground power station it is important to 
prevent any interference with the passage of operating 
personnel around the plant, and to guard against fire 
and flooding. For the passage of personnel, a special 
lighting circuit fed from a 190 Ah Tudor battery per- 
manently maintains a system of emergency lights at 
all key points. Fire protective equipment comes into 
operation automatically in the event of a burn-out in 
the alternators, and metal doors disposed strategically 
throughout the plant serve to confine a fire and pre- 
vent the spread of smoke. 

Protection against flooding is achieved by quick- 
opening reflux valves located in the valve gallery just 
above the level of the Drac and discharging to the tur- 
bine draft tubes. Any inundation in this chamber 
which cannot be handled by the pumps escapes 
through these valves without reaching the alternators 
and control room. 

The layout of the station has been designed to 
secure the most effective utilisation of a station con- 
tributing a comparatively important block of power. 
For this reason the control room is placed on the level 


Civil Engineering - 
Scour Sluices, Intake Gates and Draft-tube Stoplogs 
Spillway Sluices and Penstock Head Valves - 


Cranes 


of the assembly floor between the sets and separated 
by a glass screen. From this control room the attend. 
ant has an excellent view of both sets and can easily 
leave the control board for a rapid tour of inspection 
on foot round the turbines or valves. Should any 
emergency device operate, it sounds a bell which 
brings him back to the control room in a matter of 
seconds. 

This layout has also made it possible to group the 
associated accessories and wiring by the side of each 
set, conducing to economical and speedy installation, 

Altogether, the layout is closely knit, and the size 
of the station is moderate compared with the capac- 
ity installed. 
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on a tunnelling operation what personnel he needs in 
terms of number and experience, how the job is to be 
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equipment, how many feet can be drilled for each steel 
and bit used, what is the best pattern of drilling for 
the area of tunnel and the type of rock, what the 
requirements are in terms of roof bolting, what ex- 
plosives and detonators should be used, what haulage 
and piping facilities provided, how many shifts, how 
— what the time schedule should be, and so 
orth. 

Based at the Holman Brothers London Office at 44 
Brook Street, W.1, qualified civil, mining and 
mechanical engineers with considerable experience of 
the use of compressed air in these industries, provide 
this advisory service which is entirely free of charge 
and involves no commitments or contingent liability 
on either side. 
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Choice of Material for Turbomachine 
Components under Cavitation Attack 


By F. A. L. WINTERNITZ, Dipl.Ing. E.T.H., V.D.I.* 


In a recent article “ Cavitation in Turbomachines *’ present-day 

knowledge was surveyed. Here, the author deals briefly with factors 

governing the choice of materials for the components of hydraulic 
turbomachines which are endangered by cavitation attack 


IELD experience has shown that cavitation pitting 

can occur in hydraulic turbomachines operating 

under normal load conditions with apparently un- 
impaired efficiency. Damage of this kind can gener- 
ally be linked to the occurrence of cavitation gener- 
ated by surface roughness, by contour shape, and in 
clearance flows. These are separation phenomena 
which cannot be reproduced reliably in a model 
experiment. The results of cavitation model tests offer, 
therefore, no absolute safeguard against cavitation 
damage'. This can be minimised by correct contour 
design, by adequate surface finish, and by the choice 
of cavitation-resistant materials. Design considera- 
tions have been discussed previously’. They are sup- 
plemented in this paper by a survey of materials and 
constructional methods employed in the manufacture 
of turbomachine components. 

From observations in the field*, a pattern of pos- 
sible cavitation damage emerges for each of the dif- 
ferent types of hydraulic turbomachine: 





Mechanics _ Division, Mechanical Engineering Research 


East Kilbride, Giasgow. 


* Fluid 
Laboratory, 


In impulse turbines, the nozzle, the needle and the 
wheel buckets may be endangered by cavitation and 
also by erosion from sand, ice and other solids in the 
water. Nozzle walls are pitted near the plane of dis- 
charge, where annular clearances between nozzle and 
needle are small. Cavitation pitting on the needle is 
observed near the transition plane where concave and 
convex contours blend. Buckets are eroded on the split 
and the flanks of the edge. 

In Francis turbines, cavitation damage occurs on 
the suction face of the runner blades, and on runner 
shrouds, wheel rims and wear rings. Pitting on guide 
vanes and sleeves of guide-vane trunnions may be 
attributed to clearance effects, while damage in the 
draft-tube throat is often located near the joint with 
the runner casing. 

Cavitation in Kaplan turbines affects the runner 
casing, the blades and the runner hub as well as the 
draft tube. Casing erosion is due chiefly to surface 
roughness, and blade pitting to tip-clearance cavita- 
tion; the pitted areas on the hub correspond, in gen- 
eral, to the blade pitch position of smallest hub clear- 





Type of Material 


Cast iron 

Cast iron with casting skin 
033% carbon steel of turbine grade 
Stainless 14% Cr, 1% Ni steel 


Stainless 14% Cr, 2% Ni steel 





Stainless 14% Cr, 3% Ni steel 
Stainless 18/8 Cr-Ni Steel 
Stainless 18/8 clad carbon 
Stainless 12% Cr, 5% Ni 
Stainless 12% Cr, 5% Ni 


Stainless 18/8 Cr-WNi steel 


Stainless 17/7 Cr-Ni steel 


TABLE I.—COMPARISON OF THE PITTING RESISTANCE OF VARIOUS MATERIALS USED IN HYDRAULIC TURBOMACHINES 


Condition 
As Cast 
As Cast 
As Cast 
As Cast 
As Cast 


Rolled 


Cavitation loss in 16 hours 
mm* at 20°C. 


636°0 
3960 
62°4 
32:0 
12:9 


As Cast 9-8 
As Cast 8-8 


11-2 





Two layers welded on wrought iron | 8-4 
Two layers welded on boiler plate 
Two layers welded on wrought iron 


Two layers welded on wrought iron 
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ance. Damage in the draft tube occurs near the casing 
joint or on the draft-tube splitter. A similar pattern to 
this is observed in axial-flow pumps. 

In centrifugal pumps, the runner blades and shrouds 
as well as the guide vanes or the volute are eroded. 
In boiler-feed pumps, pitting has been observed along 
the casing split. 

The cost of repairs, particularly in large plants, 
makes it imperative to use cavitation-resistant mater- 
ials in endangered sections. Cavitation erosion, at pre- 
ent, cannot be entirely eliminated in turbomachines 
operating under marginal conditions, but suitable 
materials will lengthen the periods between overhauls. 
The search for such materials commenced with the 
advent of modern hydraulic turbomachines, and the 
results obtained contributed to subsequent develop- 
ments. 


Cavitation Testing of Materials 

Early investigations into properties of materials 
under cavitation attack were made under actual oper- 
ating conditions. Sample plates were welded to tur- 
bine-runner blades‘, and model runners were tested 
with blades made of different materials®. The rate of 
erosion, however, was so slow that methods for pro- 
ducing accelerated cavitation damage took their place 
in the form of the high-speed cavitation chamber’, the 
magneto-striction unit’ and the jet impact test*. Of 
these, the magneto-striction or vibratory method has 
the attraction of cheapness and the advantage that the 
parameters of the test are easily controlled and a high 
degree of reproducibility can be achieved; equipment 
and test procedure are at present being standardised’. 

The results obtained by these techniques are in 
qualitative agreement’®. Since the intensity of cavita- 
tion, and therefore of the related attack, varies from 
method to method and for different test arrangements, 
they can only be relative. Such relative classification 
of cavitation damage has proved to be of great prac- 
tical value in the selection of suitable constructional 
materials, and considerable data have become avail- 
able'': '*. Table I lists the relative resistance to 
accelerated cavitation pitting of various materials as 
volumetric loss": **. 


Desirable Properties of Materials 

Behaviour under cavitation attack is only one of the 
considerations governing the selection of materials to 
be used in turbomachine components endangered by 
cavitation. Further requirements, apart from the obvi- 
ous one that the mechanical characteristics must be 
adequate, are resistance to erosion attack by solid par- 
ticles and to corrosion fatigue, as well as good casting 
properties and easy repair under field conditions. 

The cavitation attack has been accepted as essen- 
tially mechanical in character on the basis of the fol- 
lowing observations'*:— 

(1) Work-hardening of metal surfaces under cavita- 
tion attack, sometimes in excess of what can be 
achieved with other methods; 

(2) Strain lines in copper alloys and austenitic steels; 

(3) Fatigue-type failure. 

Possible acceleration of the pitting due to corrosion 
is under investigation'’®. The properties which are 
therefore looked for in materials for components un- 
der possible cavitation attack have been listed 
as'*: 36... 
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Adequate stiffness. 

Ability to take on good surface finish. 

Fine-grain structure, free from inclusions. 

Hardness. 

High fatigue strength under corrosive conditions, 

Good corrosion resistance. 

Test results reveal the particular importance of 
microscopic surface texture and chemical composj- 
tion, the correlation between cavitation resistance and 
mechanical properties being less definite’’. Due to the 
effect on the grain size of the material, correct heat 
treatment is also of the greatest importance. 

Cast iron, by comparison with alloy steel, is rapidly 
destroyed under cavitation attack (see Table I) even 
if highly alloyed with nickel; this is due to stress con. 
centrations at the free graphite flakes. Resistance to 
erosion by foreign matter is also poor, and a further 
disadvantage is the difficulty in effecting welding re. 
pairs. Preheating to 70°C. becomes necessary and 
both arc-welding and acetylene-torch welding tend 
to produce brittle white martensitic iron'’. In general 
it is used only when the absence of cavitation can be 
guaranteed: in scroll casings, guide vanes and runners 
of low-head Francis turbines and small to medium- 
size centrifugal pumps, in Pelton turbine and pump 
casings and in the draft-tube bends of small turbine 
units. The runner casings and hubs of Kaplan tur- 
bines have been made in cast iron, but serious pitting 
may occur'®: **, 

Low-carbon steels are relatively cheap, easy to cast, 
and can be welded without preheating. In addition, 
the rate of erosion is much less than for cast iron. 
Their mechanical properties would allow their use 
under heads up to 500 m. but they have poor resis- 
tance to cavitation attack. Their use is therefore 
restricted to components of low- or medium-head 
units, including Pelton nozzles and buckets; the 
runner blades and guide vanes, casings, wear and 
speed rings of Francis and Kaplan turbines; and 
the casings and impellers of centrifugal pumps. 
Low-alloy castings are stress relieved by proper heat 
treatment, sometimes after initial rough machining. 

Somewhat improved cavitation resistance is ob- 
tained from a 1:-5% Mn steel which, however, is 
difficult to weld and requires preheating. Use of an 
easily cold-welded 2% Ni-steel with good resistance 
to cavitation and erosion attack increases costs by 
approximately 20 to 25%. Nickel, being a ferrite 
strengthener, toughens the material throughout, and 
this is particularly important with large castings. 
Addition of molybdenum tends to create a finer 
grain and thereby increases the resistance of the 
material to the propagation of fatigue cracks. The 
cavitation-endangered zones of Francis and Kaplan 
runners cast in these materials are frequently pro- 
tected by cladding with stainless austenitic or austen- 
itic-ferritic steels. 

Stainless ferritic and martensitic casting steels with 
12 to 14% Cr, with or without Ni, provide very good 
protection against cavitation pitting (Table I) and 
stand up well under erosion attack. They are, how- 
ever, difficult to weld, due to a tendency to fissure 
formation; preheating of the parent metal is required, 
but subsequent heat treatment is not necessary. Pel- 
ton, Francis and Kaplan runners up to the largest 
sizes, as well as runner casings, guide vanes, wear and 
speed rings, have been cast in 13% Cr steel; castings 
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TABLE III.—EXAMPLES OF FORGING STEELS USED FOR NoZZLES AND NEEDLES IN PELTON UNITS OF ELECTRICITE DE France 





Degree of Contamination 


Chemical Composition of Steel 


Hardness 





by Foreign Matter 
© 


Cr 


Rockwell ¢ 


Ww Va 





Pure, or insignificant contamination 0-25—0°3 


Contaminated ye 


0-8 
Considerable contamination 





0-8 





13 


es 


1-3 
1-5 














' 





rarely exceed a weight of 30 tons'’. For 13% chrome 
steel, it is of interest that Russian practice stipulates a 
minimum carbon content of 0-:18%, to ensure com- 
pletely martensitic steel after thermal treatment, and 
recommends a carbon content of 0-21 to 0-27%; con- 
tinental practice, in general, favours steels with 
C=0-15%. 

Stainless austenitic steels, e.g., 18/8, with excellent 
resistance to cavitation pitting, are less frequently 
used in castings as their mechanical properties are in- 
ferior to those of the stainless ferritic and martensitic 
steels. They are more often deposited by arc welding 
or as strips on low-carbon, low-alloy or even chrome 
steels in the form of a cladding, which gives addi- 
tional protection against pitting where required. 

The difficulties of welding the 13% chrome steels 
are overcome by the use of austenitic-ferritic casting 
Steels, e.g., of type 20/3 and 20/8, which have equiva- 
lent material and mechanical properties. 

The use of stainless steel offers the additional ad- 
vantage of protection against erosion from foreign 
matter and against chemically aggressive water, there- 
by extending the operational period between over- 
hauls; the resulting savings are often considered ade- 
quate compensation for the higher initial capital cost 
of stainless-steel equipped hydraulic turbomachines. 
Stainless steels are easily work-hardened mechanic- 
ally. Hardness tests on samples before and after cavi- 
tation attack indicated an increase in hardness which 
has been suggested as one explanation of the out- 
standing protective properties of these materials. 

Excellent cavitation resistance is also displayed by 
certain aluminium bronzes and Cu-Ni-Zn alloys, in 
which Francis and centrifugal pump runners and 
pump casings are cast. Specimens of Ampco bronzes, 
for instance, have shown twice the cavitation resis- 
tance of stainless steels in accelerated cavitation 
tests'*. Field experience confirms that bronze runners 
can stand up to very exacting conditions. A disadvan- 
tage in the use of bronzes is that casting may be dif- 
ficult and welding repairs are often complicated and 
at times impossible if impurities are present. 

Table II lists the chemical composition and 
mechanical properties of some of the materials in 
which turbomachine components are cast'” 2% 7, 

Castings are liberally employed in the construction 
of hydraulic turbomachines where readily available in 
good quality. Where large or intricate castings are dif- 
ficult to obtain, there is a definite trend towards 
fabrication, and techniques have been developed to 
produce even complex pieces in this way at a com- 
petitive price. The advantages of a fabrication tech- 
nique which also makes use of castings are consider- 
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able; since it then becomes possible to break down 
composite complex designs into simpler rolled or cast 
elements, considerable savings in weight and machin. 
ing cost can be realised in the construction of large 
units. 

The nozzle and needle tips of Pelton turbines are 
usually forged. The composition of some of the steels 
used for this purpose in Pelton units of Electricité 
de France is given in Table III. 

In the case of certain components such as impellers, 
the cost of stainless steel and the complexity of the 
necessary thermal treatment have led to the use of 
easily cast low-carbon or low-alloy steel with protec- 
tion by prewelds in stainless steel. Table IV conveys 
an impression of possible savings due to this tech- 
nique for large runners, the basis being the manufac. 
turing costs for blades of low carbon steel; the pre- 
welded radial depth at the blade periphery was prob- 
ably more than 10% of the runner diameter. The 
figures are based on American estimates for 1938”, 

Cladding in stainless steel takes the form of electric- 
arc deposit welding or strip protection. Manual de- 
posit welding is a relatively slow process, requiring 
care if blade deformation and residual stresses are to 
be avoided. The method used must provide an ade- 
quate dissipation of the heat generated in welding, by 
air or water cooling. The parent metal must be re- 
moved to an adequate depth to ensure that the result- 
ing mixing zone will not impair the resistance of the 
overlay. Strip protection, on the other hand, can be 
affected in about half the time required for deposit 
welding, and the danger of deformation and residual 


TaBLeE IV.— COMPARATIVE Cost INDEX FOR DIFFERENT 
PROPELLER TURBINE BLADES OF THE MOVABLE TYPE USING 
VaRIOUS MATERIALS 
(Cost of Finished-ground Blades in per cent. of Cast 
Carbon-steel Blades) 





Type of Blade Casting Runner Diameter (inches) 


220 


100 





Low carbon steel 


Stainless 18/8 chromium 
nickel steel Je 


250 


Stainless 14/2 


chromium 
nickel steel ih 


220 





prewelded 
chromium | 
ea 136 | 


Carbon steel 
with 18/8 
nickel steel 








140 
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TaBLE V.—CHEMICAL COMPOSITION OF SOME STAINLESS- 
STEEL ELECTRODES RECOMMENDED FOR PREWELDING 





Cc 


0:05 
0-05 
0-05 17 


TABLE VI.—CoMPARATIVE CosT INDEX FOR DIFFERENT-SIZE 
FRANCIS RUNNERS CAST AND FABRICATED IN VARIOUS 
MATERIALS 
(Cost of Finished Francis Runners in per cent. of Cast 
Carbon-steel Runners) 





; Type of Blade Material 
and Manufacture 


Runner Diameter (inches) 





150 


Low carbon steel, cast es 100 


Low carbon steel, with ap- 
proximately 10% of area 
protected by stainless steel 
18/8 overwelds - 





Cast stainless steel 


Low carbon steel, fabricated 
with stainles steel over- 


welds | 


Low carbon steel with blades 
and lower skirt of stainless 
clad plate we 


98 = 





stresses is reduced. Strips of 3 to 5 mm. thickness are 
tack welded around their periphery and at specially 
cut round or oval holes. Due to the different hardness 
of the weld and the plate, the protected area may wear 
unevenly; experience has shown that occasionally, 
after prolonged operation under adverse conditions, 
the surface of a blade may no longer be flat in sections 
of the zone protected by strip cladding**. Suggested 
material for the strips is stainless steel with 18% Cr, 
10% Ni and 2°5% Mo. Table V lists some of the suit- 
able electrode materials for deposit welding'’. 

An extension of the technique of local protection by 

cladding with stainless-steel strips has been reported 
by Kovalev and Gamze”*. Kaplan turbine blades cast 
in low-carbon or low-alloy steel were covered by a 
“brickwork” pattern of electrically welded stainless- 
steel strips. A start has also been made to replace 
steel as the base metal by high-grade cast iron. 
_ Savings may also result from the use of fabrication 
in the manufacture of turbine runners. Table VI* 
shows that Francis runners fabricated in low-carbon 
steel can compete favourably in price with runners 
cast in the same material, even if additionally pro- 
tected by cladding, provided the runner is large 
enough. The fabricated runner with overlays is con- 
siderably less expensive than one cast in stainless 
steel. Cost comparisons, such as presented in Tables 
IV and VI, are, of course, affected by local conditions 
at the time of compilation. 

Surface protection by coating is still under investi- 
* By courtesy of the English Electric Co. Ltd. 
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gation. Stainless-steel sprays have not proved as suit- 
able as originally claimed, and natural rubber has 
been found to be of little use. Colmonoy hard-facing 
alloys in a sprayed coating have shown high cavita- 
tion resistance in magneto-striction tests, but require 
high fusing temperatures which limit the possibilities 
of their practical application. 

The best results of all the metals tested by acceler- 
ated cavitation techniques were obtained with Stel- 
lite’? and welded Stellite overlays'? which are, how- 
ever, relatively expensive and, due to extreme hard- 
ness, difficult to machine. They have been used in the 
manufacture of Pelton needles‘, apparently with very 
good results. 

A promising new approach is the use of liquid 
Neoprene, which has been employed in field repairs 
on runners and wicket gates of large Francis turbines. 
The resistance characteristics of magneto-striction 
samples proved superior to those of 18/8 stainless 
steel, and although adequate field experience is still 
lacking, the main obstacle to its use in large hydraulic 
turbomachines seems to have been overcome by the 
development of a successful bonding technique. 

The outstanding importance of an adequate surface 
finish, if local roughness cavitation is to be avoided, is 
evident. For components endangered by cavitation a 
finish is required which removes all machining marks. 
In large turbomachine runners the complete blade or 
sections of it are generally hand polished. 


Operating Conditions and Choice of Materials 

Apart from the considerations already outlined, 
there are other aspects influencing the selection of 
materials, including the size of the project, the loca- 
tion of the plant, available methods of manufacture, 
and the ever-present need to be competitive. For this 
reason there is no set standard in the choice of mater- 
ials, which for the same type of application may not 
only vary from country to country but even for two 
similar units by the same manufacturer. Some ex- 
amples of current practice are given below. 

Francis turbine runners, for instance, with a safe 
operating margin against cavitation, under heads of 
less than 150 ft., are generally made in fine-grained 
cast iron. For heads up to 1,000 ft., bronze or steel 
castings are used, with overwelds of stainless steels in 
the region of the blade trailing edges. Heads in excess 
of 1,000 ft. call for stainless-steel runners and sealing 
rings. 

Kaplan blades are generally cast in carbon steel for 
heads less than 15 ft. Up to 30 ft. head, manganese 
steels are used with stainless-steel overlays at the run- 
ner periphery to a radial depth of approximately 3 to 
4%, of the runner diameter. For heads from 30 to 50 
ft., the radial depth of the prewelded area is increased 
to about 6% of the diameter. For heads in excess of 
50 ft., the runner blades are usually cast in stainless 
steel. 

Prewelding of Kaplan runner blades is restricted to 
runner sizes larger than 3 ft. since the blades other- 
wise become too thin for distortion-free welding. 


Repair of Cavitation Damage 

It is generally conceded today that some cavita- 
tion damage may occur in any large modern hydraulic 
turbomachine. In certain cases guarantees are asked 
for and given that the rate of erosion will not exceed 
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TABLE VII.—ELEcTRODES USED FOR WELDING REPAIRS IN 
HYDRAULIC TURBOMACHINES 


Basic Material | 





Electrode 


Low carbon steel, low alloy | Austenitic steel 18/8 +2°5% 
steel at hae aa Mo or aluminium bronze 


(Chromium steel 13%) 
Austenitic steel 18/84-2°5% 
Mo with or without Mn 


13% chromium steel 


Austenitic steel 25/20 with 
or without Mn 


Austenitic-ferritic steel, 
35-40% Cr-Ni + Mn 


Cast iron Ni-steel (high Ni-content) 


Bronze, brass, Al-bronze Al-bronze 


a stated volume of metal in a set period of time. 

A practice, therefore, which is frequently accepted, 
is to have regular plant inspection and, if necessary, 
repair any erosion damage by welding. The expense 
involved is considerable, and every attempt is made 
to lengthen the period between overhauls whilst re- 
ducing the time required for the repair to a minimum. 
Special welding techniques have had to be developed 
to meet these requirements. 

The pitted material is removed to a depth adequate 
to ensure that the cavitation-resistant properties of the 
welded overlay are not affected by mixing with the 
original metal. This is done nowadays by using special 
electrodes in casings of high carbon content, a method 
superior to pneumatic chiselling. If a pneumatic chisel 
is used, its shape is often such that the material is 
automatically removed to the correct depth, even if 
used in an overhead position. Resurfacing is then 
achieved by electric welding with electrodes of the 
material chosen for the repair, and some of these are 
listed in Table VII**. The recommended procedure* 
is a sublayer of 25/20 or 25/12 stainless steel, followed 
by a second layer of stainless 18/8 or 19/9. 

Extensive damage is sometimes repaired by weld- 
ing rolled-steel sheets into place. Cast-iron sections in 
water turbines have been protected in this manner. 


Conclusions 

Absolute protection against cavitation damage can- 
not be realised at present in hydraulic turbomachines. 

By suitable choice of material for the components 
endangered by cavitation and by adequately smooth 
surface finish, however, cavitation pitting may either 
be practically eliminated or the damage reduced to 
an acceptable rate. 

Best protection is afforded by exclusive use of stain- 
less steels. By prewelding carbon or low-alloy steel 
sections with austenitic steels a cheaper and often ade- 
quate solution is available. The cavitation-resistant 
material can be deposited by means of electric weld- 
ing with suitable electrodes, or in form of rolled sheets 
electrically welded into place. 

Erosion repairs by electric welding have become a 
standard feature in the regular overhaul of large 
hydraulic turbines. New methods are being developed 
in which synthetic-rubber compounds replace the 
metal weld. Preliminary field results are favourable. 
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Excavators. Ransomes & Rapier Ltd., Ipswich, have 
issued a pamphlet illustrating their standard series of 
shovels, draglines, grabs, etc., ranging from 3 cu. yard 
shovels to the world’s largest walking dragline hav- 
ing a 20 cu. yard bucket. 
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Fig. 1. Artist's impression of the Benmore scheme 
Principal features are (1) Mount Cook; (2) Ahuriri River channel; (3) spillway control structure; (4) spillway channel; (5) 
new access road; (6) level area at the foot of the downstream slope; (7) peastocks and power house; (8) concrete power 


intake structure; (9) outdoor transforming and switching stations; (10) tailrace. 


The Benmore Scheme 


New Zealand is to build one of the world’s largest earth-dam 

hydro schemes at Benmore. The following outline of this 480 

MW project has been placed at our disposal by the New Zealand 
Ministry of Works 


IRST power by 1965 is the objective of the 

£36,400,000 Benmore hydro-electric project de- 

cided upon by the Government of New Zealand 
as one of the first major undertakings in integrating 
the power systems of the country’s two main islands 
by means of a direct-current transmission cable be- 
neath the waters of Cook Strait. This waterway varies 
in width from 16 to 40 miles. Construction will be the 
responsibility of the Ministry of Works, for the State 
Hydro-Electric Department. 

Benmore will have an installed capacity of 480 
MW, costing approximately £76 a kilowatt, and will 
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be the biggest of a chain of stations, probably eleven, 
needed for full exploitation of the power resources of 
the Waitaki basin. It is also the biggest single project 
yet undertaken in New Zealand, and will provide 
2,100 million kWh a year—25% more than the whole 
of the North of Scotland Hydro-Electric Power 
Board’s schemes, and about twice the annual output 
of the largest proposed single station in the famous 
Snowy River scheme in Australia. Production from 
full ultimate development of the Waitaki basin is also 
likely to be about double that from the whole of the 
Snowy River. 
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Benmore will operate on a 
50% load factor; and a utilisation 
of 90%, made possible by the ex- 
tremely favourable hydrological 
and storage conditions. The mean 


natural flow of the Waitaki at the“ "”*4?~ 


ROADWAY 


SANDS AND GRAVELS ane 4 





site is 12,300 cusecs, fed by three 





large lakes, Tekapo, Pukaki and 
Ohau, and one major tributary, 
the Ahuriri River. The 1,000-year 
flood has been estimated at 
120,000 cusecs and the construc- 
tion or 20-year flood at 70,000 
cusecs. Mean controlled flow will 
be 11,000 cusecs. 

Dominating the scheme will be 
an earth dam comparable with 
some of the biggest in the world. 
It will require some 17,000,000 
cu. yards of material, the maxi- 
mum structural height will be 360 
ft., the hydraulic head 305 ft., and 
the crest 2,000 ft. long from abut- 
ment to abutment, carrying a 
road from 30 to 40 ft. wide. Tak- 
ing into account the spillway and 
intake structures, the total crest 
will be 3,000 ft. Foundation width 
will be 1,800 ft., and the average 
slope of the downstream face 
23:1. 

Among other great earthfill 
dams are Anderson Ranch 
(U.S.A.) with a volume of 
9,000,000 cu. yards, and a height 
of 460 ft.; Serre Poncgon (France) 
15,000,000 cu. yards, 400 ft.; Ada- 
minaby (Australia) 13.000,000 
cu. yards, 380 ft.; Kenney 
(Canada) 4,000,000 cu. yards, 320 
ft.; Palisades (U.S.A.) 14,000,000 
cu. yards, 260 ft.; Eildon (Aus- 
tralia) 13,000,000 cu. yards, 260 
ft.: Fort Peck (U.S.A.) over 
100,000,000 cu. yards, 225 ft.; 
Garrison (U.S.A.) 68,000,000 cu. 
yards, 210 ft.; and Oahe (U.S.A.) 
78,000,000 cu. yards, 160 ft. 


Fig. 


The Dam Site 

The site of Benmore is just 
below the confluence of the 
Ahuriri and the Waitaki Rivers, 
about the centre of New Zealand’s 
South Island and in the northern 
part of the Province of Otago, 
some 88 and 60 miles respectively 
by road from the South Pacific 
ports of Timaru and Oamaru. It 
Is a picturesque region of high, 
bare hills with the lofty snow- 
covered peaks of the Southern 
Alps in the distance, including 
Mt. Cook (12,349 ft.). One of the nearest important 
heights is the 5,987 ft. Mt. Benmore. 

Geologically, this site is regarded as one of the most 
favourable yet investigated in New Zealand. It is free 
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of major faulting, and the basement rock consists 
largely of a series of steeply dipping beds of grey- 
wacke and argillites. Just below the dam site a steep- 
sided rocky gorge opens out to broad alluvial flats and 
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terraces. Waterworn greywacke gravels to a depth of 
we tg overlie the basement rock where the valley is 
wide, 

Extensive tests have shown that ideal materials 
for the earthworks and for concrete aggregates exist 
in ample quantities within a radius of 24 miles. There 
are well-graded tertiary deposits of clayey gravels, 
and unlimited deposits of strong, well-graded and free- 
draining river gravels. Three main types of material 
will be used in the embankment, 5,000,000 cu. yards 
of clayey gravel for the impervious core, about 
10,000,000 cu. yards of sandy gravel from the river 
terraces for cover to the impervious core, and 
2,000,900 cu. yards of rock from the excavations. 
Excavation in rock will thus be a feature of the under- 
taking, in addition to 1,600,000 cu. yards of common 
excavation. 

A great assembly of earthmoving equipment, in- 
cluding many of the heaviest and fastest machines 
made, will be needed to collect, place and compact 
the dam materials in the time allowed and to the 
exacting standards required. The strictest control will 
be exercised over this work, and over materials. 

Earth-dam construction, however, is no new deve- 
lopment for New Zealand or for the Department. 
Ministry of Works engineers have already had con- 
siderable experience in designing and constructing 
dams for power projects and for lake control works. 
There are earth dams at Cobb and Lake Pukaki, an- 
other at Whakamaru, and an earth dam under con- 
struction at Lake Hawea. Most of these dams, al- 
though smaller, have been built under much more 
difficult site conditions and using materials which are 
far from ideal. It is anticipated that Ministry of Works 
construction problems at Benmore will be those of 
magnitude rather than complexity, and no particular 
difficulties are expected. 

The materials at Benmore are readily obtainable, 
easily workable, and will enable an earth dam to be 
constructed which will be as tight as a concrete dam. 
The computed probable leakage at Benmore is less 
than the measured leakage at present at Roxburgh, 
where New Zealand’s biggest concrete dam is sited. 

The core of the dam will be founded on the base- 
ment rock for its full length, but the shoulders will 
rest on the gravels of the valley floor, and on the val- 
ley sides they will lie against the natural rock of the 
hillsides. Field tests have shown that the gravel beds 
are compacted to a high degree of density, and settle- 
ment under the shoulders of the dam is considered un- 
likely to be a significant factor, though tests to put this 
matter beyond doubt are still going on. 

The site is favourable to independent and concur- 
rent work on the three major sections—power house 
and intake structure, spillway, and dam. Among the 
first actual construction tasks will be the excavation 
and concreting of the two diversion culverts, followed 
by diversion of the river. 

The diversion cut will be occupied by twin-barrelled 
reinforced-concrete culverts running right through the 
base of the dam and embedded in rock. They will 
carry the full natural flow of the river while the dam 
is being built, but eventually they will be permanently 
sealed with concrete. In making them, 660,000 cu. 
yards of material, mainly rock, will have to be ex- 
cavated. They will need 130,000 cu. yards of con- 
crete, and will each be 40 ft. high by 25 ft. wide, with 
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an arched top to carry the loads from the dam above 

Both cofferdams will be partly incorporated in the 
dam itself, while closure of the river is expected to be 
fairly simple, with the help of the control which can 
be exercised from Lakes Tekapo and Pukaki. 


Main Structures 

The power intake block, the penstocks and the 
power house will be on the right bank facing down. 
stream, and the spillway structure on the left bank. 
These structures, as well as the diversion culverts, 
will be in concrete and will require a total of over 
500,000 cu. yards. 

The intake structure, built of reinforced concrete, 
will be well sited on the base of a convenient hillside 
spur, and will embody a short wing dam of mass gray. 
ity section to keep the end slopes of the earth dam 
from encroaching on either the intake or the pen- 
stocks. Here there will be control intake gates for 
shutting off the flow to the power house when re- 
quired. This section of the work calls for some 
480,000 cu. yards of rock excavation, and 130,000 cu. 
yards of concrete. 

The penstocks leading the water from the lake to 
the turbines will be set on a trimmed rock face at a 
30° slope and with an overall length of 600 ft. They 
will probably be built of reinforced concrete lined 
with steel, and have a diameter of about 17 ft. 6 in. 
There will be a full-load mean velocity of just over 
15 . per sec. and a maximum pressure rise of about 
45%. 

The power house will be situated at the foot of the 
penstock slope and parallel to the axis of the intake 
structure, and will be 500 ft. long, with about 70 ft. 
showing above ground level and its main bulk below. 

It is likely to be a building having a steel frame 
sheathed with precast concrete slabs. The control 
building will be a separate structure nearby. 

The spillway block entrenched in rock will provide 
for the 1,000-year flood with no rise in lake level, 
while two bypass sluices controlled by radial gates 
some 110 ft. below the crest ensure a very substantial 
safety margin and will make it possible to dewater 
the dam sufficiently to expose the intake and spillway 
structures. The spillway will be of the side-channel 
type, with the sluices incorporated at the head of the 
channel, and there will be four crest radial spillway 
gates each 40 ft. by 40 ft. 

The Benmore scheme will create New Zealand’s 
largest man-made lake, flooding some 3,000 acres of 
tussock-covered river terraces and providing a power 
storage equal to that of Lakes Tekapo and Pukaki 
combined. It will have an area of 30 sq. miles and 
will contain 72,000 million cu. ft. 





Manual on Rock Blasting. Atlas Copco have issued 
two further loose-leaf supplements to their well-known 
“Manual on Rock Blasting.” Supplement No. 4 con- 
tains the following papers: “The Effects of Blasting 
on Nearby Structures,” Fred E. Cornwell; “Sub-level 
Caving in Swedish Mines,” J. Hedlund and B. K. Lun- 
din; “Compressed Air Lines for Mines and Construc- 
tion Sites,” C. J. Tallberg; and in Supplement No. 5 
are to be found “Diamond Drilling,” G. Norling and 
E. Vanderberg: and “Percussion Rock Drills—their 
Construction and Method of Operation,” E. Ryd and 
J. Holdo. 
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Book Reviews 


[In this review Dr. CHARLES JAEGER discusses the 
significance of the work of Schulz and Schréder on 
discontinuous flow in free-flow channels, and com- 
pares their findings with his own previously published 
conclusions. ] 


Mitteilungen aus dem Institut fiir Wasserban der 
Technischen Universitat Berlin (Publications of the 
Hydraulic Research Laboratory of the Institute of 
Technology, Berlin):— 

No. 42. Die Strérnungstechnische Gestaltung der 
Wehre und Flusskraftwerke (Hydrodynamics of Low- 
Head Weirs and Power Stations on Rivers), A. B. 
Schulz, 113 pp., 97 figs. 

No. 48. Untersuchangen tiber diskontinuierliche 
Abflussforgdnge in Freispiegelgerinnen (Research on 
Discontinuous Flow in Free-Flow Channels), R. 
Schroder. 


Before the war the research laboratory of the 
University of Munich, then under the management of 
Prof. D. Thoma, used to publish at regular intervals 
reports on systematic research work on subjects of 
immediate interest to hydraulic engineers and de- 
signers. The publications on losses in pipe bifurcation 
and Y-pieces have been widely used. Through all 
these publications one could feel the leading spirit 
of Prof. Thoma: they were all remarkable pieces of 
work, precise, reliable, giving useful information on 
problems of limited scope. 

For several years Prof. H. Press, of the Berlin In- 
stitute of Technology, has been publishing a series of 
theses, the interest of which is no less than that of 
the series by Prof. Thoma. Prof. H. Press is a civil 
engineer, whereas Prof. D. Thoma was mainly in- 
terested in mechanical engineering. This explains the 
choice of the problems dealt with by Press, the interest 
and scope of which are wider than the publications of 
Munich. The fact that the publications from Berlin 
are less widely spread than those from Munich is a 
reason for discussion of them here in greater detail. 

Very recently, publication No. 47 by Mr. F. Bassler 
on dams, a very remarkable statistical study of several 
hundreds of dams, shows the standard of the work 
done at Berlin. It will be reviewed here later on. For 
the time being then interest will concentrate on these 
two publication (Nos. 42 and 48) dealing with flow 
patterns in open channels. 

Publication No. 42 by Mr. A. B. Schulz deals with 
the flow and erosion patterns in connection with low- 
head weirs and power houses. Mr. Schulz is well 
known to the readers of WATER POWER through his 
pioneering work on river power stations.* It was to 
be expected that when dealing with this problem he 
would expand on his views on three-dimensional flow 
patterns. 

The first part of the paper investigates the flow and 
erosion patterns observed on 17 models of conven- 
tional weir and power-house designs and on two 





* “A New Type of Run-of-River Power Station,” by A. B. Schulz. 
Water Power, May 1953, p. 177. 
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modern types (tests No. 18 and 19), the Arno Fischer 
underwater station and the Schulz “pier power sta- 
tion” with turbines located in the piers. He shows that 
all these designs (especially numbers 1 to 17) are 
based on the wrong idea that the flow can be forced 
to become two-dimensional. In spite of long parallel 
walls enclosing the flow this is not straight, and 
damaging vortices are formed, especially when high 
floods have to be passed through the open weir, or 
when the flow is unsymmetrical. The type of erosion 
occurring downstream of weirs is well known. (Some 
of the examples given by Schulz are taken from well- 
known publications.) Mr. Schulz thinks that the vor- 
tices occurring upstream of the turbine intakes are no 
less damaging from the point of view of the efficiency 
of the turbines. The results of tests No. 18 and 19 are 
definitely better, but still not entirely satisfactory 
from the point of view of flow pattern (pages 39 and 
59). 

The second part of Mr. Schulz’s thesis describes a 
series of model tests where lateral vortices with ver- 
tical axis are allowed to form freely, by suppressing 
the costly longitudinal guide walls. The author shows 
that such lateral vortices have many advantages, 
mainly because they tend to consolidate the concreted 
weir sill and reduce the cost of the construction. The 
last part of the publication deals with the “pier power 
station” (German: Pfeiler-Kraftwerke) of Schulz, 
which are thoroughly investigated from the point of 
view of flow pattern. The author shows the advantages 
of such a solution. 

The thesis submitted by Schulz has obviously a 
considerable value by itself and is worthy of the atten- 
tion of all designers of low-head power stations. This 
study, which is basically an empirical approach to 
flow problems started a second enquiry of great 
theoretical importance. Prof. H. Press realised that 
too little is known about the exchanges of energy in 
vortices and discontinuous flow in general and that 
basic research should proceed in parallel with em- 
pirical model tests. He entrusted another of his 
students, Mr. R. Schréder, with this new research. 

Such a programme of work was obviously going to 
the heart of a long-standing dispute. 

It is well known that the total energy head of a flow 
in first approximation is given by (Theorem of Ber- 
noulli, 1738): 

Q° 
H Ig qith wx 

Similarly, a “momentum-flux” or “total force” F 
can be defined using the theorem of momentum. In 
first approximation; for a rectangular channel (Bélan- 
ger 1849, Bresse 1860): 

rr eC Ff . 

ae +5 wo. (2) 
where Q = discharge, B =channel width, h = water 
depth, A = Bh = area of the cross section of the flow, 
w = specific weight of the water. 

Bélanger (1849) showed that over a broad-crested 
weir the discharge has a maximum value:— 


Omax.=[g (4 H)’}'” B > & 
Starting from equation (1), a critical depth:— 
- ht 1/3 
h. = (; >) (4) 


can be defined (Bresse 1860 and others), for which H 
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becomes a minimum A),,,, (Boss 1919). 

As soon as equations (1) to (4) are used for cases 
more general than the simplest ones, many contradic- 
tions and impossibilities arise. It is found that a 
second critical depth h,’ can be defined for F becom- 
ing Fin. and that in the general case h,h,.’. This 
led several authors to believe that the equation of 
momentum cannot be. used in hydraulics. These 
authors forget that both the equation of momentum 
and the theorem of Bernoulli are derived from the 
same basic theorem of Newton, but the equation of 
momentum is the more general one and cannot be 
wrong. 

In 1943 and 1947, the writer of these lines demon- 
strated in the Revue Générale de [ Hydraulique* that 
the correct general expression for the energy head H, 
should be (H, refers to the average value of H for the 
whole cross-section A). 


a o (1’) 


H,= —— 


2p A + Bh 


and for the total force 

F a’ QO” 

~ +4’? )B 

w “aa - ° f 
where a, a’ are two coefficients depending on the 
uneven distribution of the velocities; 8 and 8’ are two 
coefficients depending on the curvature of the stream- 
lines. Both equations (1’) and (2’) can be used simul- 
taneously so that when combining them we get: 


n_ [78H — Bh) o- (ee i )- 
N\ a 


the most general equation a flow in open channels, 
which establishes a correlation between a, a’, 8 and 
B’ and H, and F. 

He also demonstrated that there is only one correct 
definition of the critical depth A. for which there is 
simultaneously a maximum discharge Q = Qmax, a 
minimum of Hy = Agmin. and another for F = Fruin 
The change from streaming flow to shooting flow or 
vice versa occurs at this same point. This is the 
theorem of simultaneous extrema. 

Finally, it was shown that there is a different energy 
head H. for every stream tube z and that 

H.=H,+6H ... (6) 

A coefficient « of the dispersion of the energy 

2g (s8HdA 7 

€ A Vaz , eve ( ) 

can de defined which is zero (« = 0) for potential flow 

and expresses the degree of turbulence of the flow 

when « = 0. It was shown that e depends on a, a’, 8 
and f’ and for straight flow 

e=>@e a’ (8) 

This means that the dispersion of the energy and the 

turbulence of the flow depend essentially on the dis- 


. (2) 


* Ch. Jaeger, *‘Contribution 4 l’'Etude des Courants Liquides 4 Surface 
Libre,’"’ Rev. Générale Hydraulique, Nos. 33 and 34, 1943: ‘“‘De 
I'Impulsion Totale et de ses Rapports avec l'Energie Totale d'un Cour- 
ant Liquide 4 Surface Libre,’’ Rev. Générale Hydraulique, Nos. 37-41, 
1947. The results of the two papers are summarised in ‘‘Engineering 

Fluid Mechanics,’’ Glasgow 1956, New York 1957 


+ Chas. Jaeger 


*‘Hauteur d'eau a l’extrémité d'un long Déversoir, La 
Houille Blanche, Vol. 3, No. 6. 1949 


§ Ch. Jaeger, Revue Générale de l' Hydraulique, Nos. 33 and 34, 1943, and 


Nos. 37-41, 
¢ E. Crausse, “‘Hydraulique des Canaux Déconverts en Régime Perman- 
ent,’’ Paris 1951 


See also: Ox sterholt ‘An Investigation of the Energy Dissipated in a 
Surface Roller,’’ Delft 1947 
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tribution of the velocities across the section A. 

When this group of theorems was first published, 
there was enough evidence for their validity, especially 
in the domain of potential flow, for broad- “creel 
weirs? and for round-crested weirs§. 

There is no loophole in the mathematical treatment 
of this problem and the demonstration and results 
were accepted by most of the specialistst and intro. 
duced in the syllabus of several universities. Adverse 
comments were published in Germany and Italy; 
theoretical discussions were attempted, mainly based 
on erroneous basic assumptions. 

In 1952-53, W. Bleines confirmed the validity of the 
theorem of simultaneous extrema Q=Qnax, H, 

= Hin. for the flow over a sharp-edged weir. 

Now we come to the most important conclusions 
of the experimental work by R. Schréder:— 

On p. 36 and p. 60 this author declares that equa- 
tions (1) and (2) are not valid in highly turbulent flow, 
and must be replaced by equations (1’) and (2’), these 
two being valid simultaneously in any case. New 
values of a, a’, 8 and #’ (already calculated and 
measured by the writer for several cases of potential 
and turbulent flow) are measured or checked by 
Schroder. The validity of the theorem of simultaneity 
of extrema is furthermore confirmed for the energy 
and the total force in highly turbulent flow (p. 60/61). 

The importance of the factor « of dispersion of the 
energy is stressed by all the results (p. 71/72). 

The 1947 paper showed that the energy losses 
depend on a and da/dx (x = abscissa of the flow) and 
therefore on e. 

R. Schréder, going a step further, finds experimen- 
tally that the slope i of the total energy line depends 
directly on « and shows that approximately:— 

imCe (C = constant) 
(see figures 53 and 54 of R. Schréder). 

The writer considers that these experimental results 
are of the greatest practical and theoretical impor- 
tance for the future development of the theory of flow 
in oper channels and pipes’. 

The last part of the thesis of R. Schréder deals with 
the estimate of a coefficient determining the efficiency 
of energy destruction in a bucket, at the end of a 
sill or spillway. 

The two publications No. 42 and 48 of the Berlin 
Institute of Technology have to be studied together, 
one backing the results of the other. By showing that 
equations (1’), (2’) (5), (6), (7) and (8) are valid in 
any case, even when the flow is highly turbulent, R. 
Schréder has made essential progress. He has also 
stressed the vital importance of the theorem of simul- 
taneity of extrema and of the dispersion factor e. 

More work of theoretical and practical importance 
has urgently to be done on this subject, and designers 
of low-head weirs may have to do some new thinking. 

CHARLES JAEGER. 


Major Water and Power Projects of India (Bhagirath 
Pamphlet No. 1). Publications Division, Ministry of 
Information and Broadcasting, Government of India. 
Delhi 8. 52 pp. Price 50 naye paise. 

This neat little pamphlet gives tabloid information 
about all the major hydro-electric and irrigation pro- 
jects completed or under construction in India. Two 
facing pages are devoted to each scheme, one carry- 
ing photographs and the other the vital particulars. 
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Welded Construction for Pelton Wheels 
By A. BERNARD, Engineer at Etablissements Neyrpic 


HE construction of a Pelton wheel by casting 
gives rise to some very real difficulties, of which 
two may be particularly mentioned: (1) the com- 
plex form of the buckets, which, in view of their effect 
on the turbine efficiency, must conform exactly to 
the profile determined by the designer; and (2) the 
frequently severe operating conditions, due to wear 
by water sometimes charged with abrasive material 
and always flowing at high velocity, which necessitate 
the use of flawless high-quality material. 
Theoretically these problems can be solved satis- 
factorily, but in practice a number of very diverse 
factors tend unpredictably to upset the manner in 
which the wheel addresses the jet. If the design of 
the turbine and the finish of the buckets have an im- 
portant part to play, the practical guarantee of success 
is afforded by the manufacturing technique employed. 
On the other hand, the manufacturer remains dan- 
gerously subject to the quality of the metal and to the 
correct reproduction of profiles. These are questions 
of direct interest to the foundry, as such matters as 
the degree of heating of the metal, and irregularities 
in the casting can have troublesome consequences. 
Welded construction can be of invaluable assistance 
in this connection, for an intelligent combination of 
welding and casting can enable the accuracy of pro- 





AA 
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files to be retained while simplifying the work of the 
foundry. Such a “mixed” technique has already been 
exploited for Francis and helical runners, and its ex- 
tension to Pelton wheels gives rise to no major diffi- 
culty. The buckets, produced and machined separ- 
ately, are fixed to the rim by welding; thus advantage 
can be taken of constructional facilities that were for- 
merly employed in the construction of wheels with 
separate buckets, while retaining, thanks to the inti- 
mate bond produced by welding, the incontestable 
advantages of safety characteristics of the monobloc 
cast wheel. 

With welding, the construction of the buckets is 
kept entirely separate from that of the rest of the 
wheel (Fig. 1), and, as they are individual entities, 
they can be easily produced on a precision basis, by, 
for example, machine casting, the lost-wax process or 
drop forging. Thus, defective items can be rejected 
and a series of identical buckets obtained. Then the 
polishing of the internal surfaces can be carried out 
under easy conditions and in conformity with the 
locating points for the subsequent mounting of the 
bucket on the rim (a, Fig. 2). Even the bucket itself 
can be made from two elements welded together, the 
central splitter (b, Fig. 3) being built up by welding 
and finally hard-surfaced. The choice of metal is made 










































































Switzerland builds 
world’s 
highest dam 


Atlas Copco drilis and Sandvik Coromant 
steels drill 50 miles of tunnel 





Mauvoisin and Grande Dixence are the two largest hydro- 
electric projects ever carried out in Switzerland. They are being 
constructed simultaneously and are situated in the same area, 
on the slopes of the Alps in the Canton of Wallis. When com- 
pleted, the Grande Dixence dam will be the highest ever built in 
the world; 931 feet high, with the huge volume of 7.6 million 
cubic yards of concrete. The Mauvoisin dam will be 777 feet 
high, with a volume of 2.6 million cubic yards. The four under- 
ground power houses will have an installed generating capacity 
of 1,200,000 kilowatts—one-third of Switzerland’s present 
capacity. 


Atlas Copco drills and Sandvik Coromant steels 
chosen for 75% of all drilling 


On at least three-quarters of all the drilling operations for the 
Mauvoisin and Grande Dixence projects, Atlas Copco light- 
weight rock drills fitted with Sandvik Coromant tungsten- 
carbide-tipped steels are at work. They have already drilled 50 
miles of tunnels, more than a third of the distance with a section 
of 240 square feet, and have excavated two underground power 
houses. On the site of the Mauvoisin dam alone, 100 Atlas 
Copco drills were chosen for the massive benching operations. 
A major feature of the Grande Dixence project 

is the Fionnay-Nendaz tunnel. Nine miles long, 

and with a section of 240 square feet, it repre- 

sents the largest volume of rock ever excavated 

in Swiss water power construction.The opera- 

tion is being carried out exclusively with Atlas 

Copco rock drills, fitted with Sandvik Coro- 

mant steels. 


World-wide sales and service 


The Atlas Copco Group puts compressed air 

to work for the world. It is the largest group of 

companies specialising solely in the development and manu- 
facture of compressed air equipment. It embraces Atlas Copco 
companies or agents manufacturing or selling and servicing 
Atlas Copco equipment in ninety countries throughout the 
world. For further details of the equipment featured here, con- 
tact your local Atlas Copco company or agent. If you have 
any difficulty, please write to Atlas Copco (Great Britain) Ltd., 
Beresford Avenue, Wembley or Atlas Copco AB, Stockholm 1. 


Manufacturers of Stationary and Portable Compressors, Rock-Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment 
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according to the particular operating conditions en- 
visaged and the requirements of casting and welding. 

The rim can be built up in various ways. For low- 

wer wheels two light plates connected together by 
a cylindrical shell (c, Fig. 4), by radial ribs, or, for light 
wheels, even by the hub and the buckets themselves, 
form a perfectly adequate structure. A hollow wheel 
of greater strength can be built up with two plates 
connected together by a central rib (d, Fig. 5) profiled 
to the section of the back of the buckets. Finally, a 
solid wheel can be made from a single solid disc (e, 
Fig. 6), the buckets being welded to two riobed rings. 

The rim, in fact, has a toothed periphery (Fig. 1), 
the profile of the teeth corresponding to the back of 
the buckets; thus the teeth provide an exact location 
for the buckets during assembly, in addition to acting 
as reinforcing ribs during service. Modern oxygen- 
cutting machines are able to cut these teeth to an exact 
profile, and if it is desired to make the ribs narrower 
than the plate this can be effected by a simple turning 
operation (see Figs. 5 and 6). 

Finally, thanks to modern techniques, the welding 
of the buckets to the ribs with the aid of the machined 
bearing surfaces presents no major difficulty. After 
annealing, final machining is reduced to the boring 
and reaming of the hub, turning, and opening out the 
bucket grooves. Balancing of the compleied wheel is 
greatly simplified. 

In these conditions the “mixed” type of construc- 
tion described offers an exceptional guarantee of the 
accuracy of form of Pelton wheels, and greatly facili- 
tates their construction. Further, one-piece construc- 
tion in a high-grade and expensive metal can be 
avoided, such material being necessary at only certain 
well-defined points in the structure. 


Tough Rock Drilled by 
Jet Piercing 


Jet piercing is a new method of drilling rock for 
blast holes, which has been tried with good results 
on the St. Lawrence Seaway, for a contract involving 
the removal of three million tons of tough sandstone. 
This is the first use of jet piercing since the original 
Killarney experiment. 

Linde Air Products Ltd., who have developed the 
jet piercing method, state that some types of rock 
such as taconite, the low-grade iron ore of the Mesabi 
region, are almost impossible to drill by conventional 
methods, but jet piercing was successful. Linde Air 
Products Company is a division of Union Carbide 
Canada Ltd. They experimented with the method 
even before World War II at their Killarney, Ontario, 
quarries, where they mine quartzite. Bucyrus Erie 
Company co-operated in the design and construction 
of a special machine for the operation. The crawler 
carrier is a modified churn-drill rig. The blowpipe for 
jet piercing and its controls and associated equipment 
were supplied by Linde. 

Light fuel oil is burned in oxygen in a small com- 
bustion chamber shaped like a liquid fuel rocket. 
From the nozzle a stream of white-hot gas emerges 
travelling faster than sound. Directed against types 
of rock this jet flame pierces a hole for blasting faster 
than any other type of drill, the inventor claims. 
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Water pumped into the drill hole is vaporised and 
spalls the molten rock. The high pressure of the steam 
shoots the spalled rock back up the drill hole, clear- 
ing it for further progress. 

The Linde machine works fastest on those rocks 
which normal drilling methods find toughest—those 
containing silica such as granite, syenite, quartzite, 
sandstone and magnetic taconite. The secret of the 
process is that spalling is induced. Under the fierce 
heat of the jet the silica attempts to expand and is 
unable to do so, and so breaks down into chips. The 
combustion chamber is water cooled. Water in the jet 
helps to cinderise material that is fused by the flame, 
so it settles in fine particles, thus minimising dust. 
Drilling speeds up to 45 ft. per hour have been ob- 
tained, and depths down to 160 ft. can be reached. 

One feature makes the jet piercer especially suited 
for quarrying where blast holes are sunk in the re- 
ceding edge of the excavation. When a blast hole of 
uniform diameter is charged and blown there is less 
shattering effect at the bottom of the hole. By “cham- 
bering” or enlarging the bottom of the hole, more 
explosive can be packed in, resulting in a flat shoulder 
and a better rock yield. 

The jet piercer can chamber the bottom of the hole 
very simply—the operator merely lifts the blowpipe 
off the bottom slightly and lets the jet blast away. The 
fiery jet soon enlarges the hole in a sort of bottle- 
shaped cavity, which can take a bigger charge of the 
modern pelletised explosive found best for jet-pierced 
holes. 

The machine consumes 10,000 cu. ft. per hour of 
oxygen, 30 g.p.h. of fuel oil and 1,000 g.p.h. of water. 
Net cubic yards drilled per hour averages 220 yards. 
Time required to drill 1,000 cubic yards averages 44 
hours. Diameter of holes is 8 in. The same amount 
of explosives is used as for normal drilling. 

Note—A paper on the subject entitled “St. Law- 
rence Seaway: Overburden and Rock Excavation,” 
by E. A. Buie, Project Manager, United Waterways 
Contractors Ltd., Beauharnois, Que., was presented 
at the Annual Meeting of the Canadian Mining and 
Metallurgical Institute in June 1957, and was reprin- 
ted by the C.I.M.M. Bulletin in June 1957. 


New Arc- Welding Electrodes 


The English Electric Co. Ltd. have introduced a 
new range of arc-welding electrodes which are stated 
to be particularly suitable for vertical and overhead 
welding in addition to welding in the flat and horizon- 
tal positions. These electrodes, known as “Vohees,” 
have been developed to meet the needs of users who 
prefer to have one electrode for all welding positions. 
They are manufactured in sizes from 12 s.w.g. to } in. 
diameter. Electrodes from 12 s.w.g. to 6 s.w.g. inclu- 
sive are suitable for overhead work, from 12 s.w.g. 
to 4 s.w.g. for vertical work, and the complete range 
for all horizontal-vertical welding. 

These electrodes are of the medium penetration 
type, suitable for welding with poor fit-ups. They give 
a Stable arc, can be used with low current and produce 
little spatter. No special welding procedure is re- 
quired. Slag is of the fluid, quick-freezing type, being 
easily removed and often self-detaching. 

“Vohees” are designed to operate with either alter- 
nating or direct current. The B.S.1719 classification is 





For hard 3-shift running 


but easy installation! 


PECIALLY DESIGNED TO OPERATE where cooling 
S water is scarce are the Atlas Copco AR-L 
compressors. They are absolutely self-contained, 
with a closed-circuit cooling system. Normally 
they are skidmounted and complete with elec- 
tric motors, but—as in the instance shown above 
—they can be operated by diesel engine. These 
AR-L compressors are easy to install; no con- 
crete foundations are needed, nor any perman- 
ent water supply. 


Portability plus highest efficiency 

Atlas Copco AR-L compressors combine the advantages of 
water-cooled machines—high efficiency and low discharge 
air temperature—with those of air-cooled models—easy in- 
stallation and maintenance. They are cooled by a fan-cooled 
intercooler and a radiator for the cylinder water. The com- 





A set of three AR3-L compressors, skid- 
mounted with diesel drive, being installed at 
one of the.mines of the Union Miniére 

du Haut Katanga, in the Belgian Congo, 


plete cooling system is a part of the compressor unit, en- 


tirely self-contained. 
DATA ON AR-L COMPRESSORS 


Speed ner ~y~4 in 
m rpm 100 psi 





Maximum 
pressure 
in psi 


Power required Total weight 
Type at in Ibs. 
in hp 








2,900 
5,300 


ARIL| 125 


AR3L| 125 585 646 130 




















730 | 381 80 





World-wide sales and service 

The Atlas Copco Group puts compressed air to work for 
the world. It is the largest group of companies specialising 
solely in the development and manufacture of compressed 
air equipment. It embraces Atlas Copco companies of 
agents manufacturing or selling and servicing Atlas Copco 
equipment in ninety countries throughout the world. For 
further details contact your local Atlas Copco company or 
agent, or write to Atlas Copco AB, Stockholm 1, Sweden, or 
Atlas Copco (Great Britain) Limited, Beresford Avenue, 
Wembiey, Middlesex. 


Sitlas Copco Manufacturers of Stationary and Portable Compressors, 


Rock- Drilling Equipment, Loaders, Pneumatic Tools and Paint-Spraying Equipment. 
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£317 and the American classification is E7013. They 
also comply with the requirements of B.S.782, 
B.S.639 and B.S.2549. Lloyd’s Register of Shipping, 


the Ministry of Transport and the Admiralty have 
approved “Vohees” electrodes for the welding of mild, 
D, DW and S§ quality steels. 


30-RB Universal Excavator 


Ruston-Bucyrus Limited, Lincoln, England, 
announce the introduction of a new universal excava- 
tor—the 30-RB—with full air control. It embodies 
the features of the well-known RB range, which has 
buckets from } to 14 cu. yards, but a number of in- 
novations have been introduced, including the major 
one of full air control for the main functions. The 
machine has a capacity of 1 cu. yard with shovel 
equipment, and additional equipments available are 
dragline, dragshovel, grabbing crane and lifting crane. 
Prolonged testing has been undertaken, both under 
research conditions and in the field, to ensure efficient 
performance with all front-end equipments in a 
variety of conditions. Our illustration shows the 
30-RB machine with shovel equipment. 


An Industrial Stethoscope 


The shift engineer becomes so attuned to the sound 
of the machines under his control that his ear is able 
to detect any disturbance likely to upset running 
conditions. Nevertheless, many incipient troubles 
likely eventually to affect operation produce sounds 
too faint to be detected by the ear unaided, and to 
bring such sounds within the discernible range. Air- 
sonic Limited, 14 Old Queen Street, London, ,S.W.1, 
have developed an industrial stethoscope, following 
an electronic stethoscope which they have widely sup- 
plied to the medical profession. The Airsonic indus- 
trial stethoscope is capable of receiving sounds at 
any pitch within the normal audio range and repro- 
ducing them at audible strength, and as the human 
ear is limited in its ability to discriminate between 
various frequencies when more than one afe present, 
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the Airsonic incorporates a tuning device which en- 
ables extraneous sounds to be tuned out so that only 
the wanted signals are received at full strength. Water, 
air or oil leaks, the behaviour of bearings, and abnor- 
malities of flow in pumps and turbines are amongst 
the possible applications that suggest themselves. 


Concrete Waterprooring 


A demonstration of the latest methods of concrete 
waterproofing and of reinforced-concrete repairs, im- 
pervious wall glazes and industrial flooring was held 
recently by Quickset Water Sealers Limited at 20 
Albert Embankment, London, S.E.11. This firm 
manufacture and market Rubbtac, a flexible surfacing 
for reservoirs and dams, and Betonac, a metallic 
aggregate for industrial floors. Tyloglaze, a glazed 
cement process, is also manufactured and used on 
internal walls wherever hygienic and durable surfacing 
is required. The company’s other products include 
the Palorit range of industrial chemicals and paints 
of which Paloseal, a comparatively new product, is 
used as a defence against damp on walls. 





Positive Feed Lubricators. C. C. Wakefield & Co. 
Ltd., 46 Grosvenor Street, London, W.1., have pro- 
duced a booklet which describes in detail the opera- 
tion of their new types PF and PFL oil and grease 
distributors. These distributors are capable of receiv- 
ing a continuous supply of lubricant from a single 
inlet, and then feeding it to a number of additional 
points in equal quantities. They can operate satis- 
factorily when fed with either grease gun or mechani- 
cal lubricator. 
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BUILDING 
"FOR 
POWER 


+ 

| 
i\V | Huwood Conveyors are in wide use, 
not only in Britain but throughout the 


world—one of their most important 


y applications being in the work of dam 
building for hydro-electric schemes. 
They have been chosen because they 
offer the highest degree of adaptability 
to varying sites, the utmost reliability, 


aavhers epee 





maintenance. 


Head Office and Factories : Ref. No. Ind/!20c/13! 


HUGH WOOD & CO LTD - GATESHEAD-ON-TYNE 1! 


INDUSTRIAL & EXPORT OFFICE: DASHWOOD HOUSE, 69, OLD BROAD STREET, LONDON, E.C.2 
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Abstracts from the 
World Technical Press 


—_—_ 





Hinterrhein Development 

A comprehensive description is given in two instal- 
ments of this major Swiss project, which involves the 
development of the Hinterrhein proper or Farther 
Rhine, and of the Lei Rhine, which flows in most of 
its course on Italian territory and empties itself into a 
right-bank tributary of the Hinterrhein, the Aver- 
serrhein, at a point close to the Italian-Swiss border, 
south-east of Innerferrera in the Grisons Canton. This 
development is indeed an international venture, in 
which Societa Edison, Milano, participates to the ex- 
tent of 20%, the balance being divided between vari- 
ous Swiss power concerns, the Zurich Corporation, 
and the Grisons and BAle-City Cantons. An interest- 
ing feature of the scheme is that it brings about an 
exchange of small territories between the two coun- 
tries interested. The backbone of the whole project is 
the Lei Valley reservoir, with a capacity of about 200 
million cu. m. The development is divided into three 
stages: (a) Lei Valley Ferrera, (b) Ferrera/Sufers 
Barenburg, and (c) Barenburg Sils. The international 
upper stage drains an area of 220-2 sq. km., up to the 
Ferrera pumping plant. A pressure tunnel conveys the 
water of the Lei Valley reservoir to the surge tank on 
the western slope of the Ferrera Valley, whence a 
pressure shaft brings it to the Ferrera underground 
machine hall, about 1:8 km downstream from Inne- 
ferrera. This hall houses a generating and a pumping 
plant, the latter being fed from the Innerferrera 
balancing reservoir. The middle stage draws its sup- 
ply of power water from a catchment area of 461-8 
sq. km. (Averserrhein, Farther Rhine and two small 
tributaries of the Scham). The discharge from the 
Ferrera plant is led through a free-flow tunnel into 
the Sufers reservoir (18-3 miliion cu. m.), from which 
a pressure tunnel and two pressure shafts convey it to 
the dam and power house at Barenburg. Another free- 
flow tunnel diverts the waters from the Scham tribu- 
taries to the Barenburg surge tank. The lower stage 
collects, besides the Barenburg discharge, the water of 
the intermediate catchment in the Barenburg reservoir 
(1 million cu. m.) and, through the power tunnel on 
the right-hand slope of the Scham Valley, the waters 
of two further minor streams. From the Viaplana 
surge tank, two inclined pressure shafts convey the 
water to the outdoor power house to be erected on the 
left bank of the Albula, near Sils, just opposite the 
Albula plant of Zurich Corporation. The main 
characteristics of the three stages are as follows:— 


| Ferrera | Barenburg Sils 
Discharge capacity prindes 45 80 70 
gross | m. 491 326 408 

Average head 
477 319 392 


\ net m. | 
Installed capacity kW. | 185,000 ! 215,000 | 230,000 


The pumping plant at Ferrera will have an installed 
capacity of 48,000 kW. The works are described in 
detail. Work on the Barenburg Sils stage is now in 
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progress, and work on the Valle di Lei Ferrera and 
Sufers Barenburg is to start in 1958 and 1959, respec- 
tively. Upon completion of the whole project, ex- 
pected in 1963, the scheme will produce 1,325 million 
kWh a year, of which 750 million kWh will be in win- 
ier and 575 million kWh in summer, the latter figure 
including 59 million kWh produced by pumping. 
(Dipl. Ing. L. Kalt, Motor-Columbus A.G., Baden, 
Schweizerische Bauzeitung, Vol. 75, No. 5, February 
2, 1957, p. 65, and No. 6, February 9, 1957, p. 79, 
12 pp., 13 ff.) 


Flow Studies 

This paper, which first appeared in La Houille 
Blanche, No. 4, 1954, is now published in English as 
a supplement to the undermentioned issue of the same 
journal. Its purpose is not to present novel theoretical 
considerations on some flow characteristics obtaining 
in the downstream part of spillways, but to summar- 
ise the numerous scattered observations made in the 
past, to present the results of measurements made at 
St.-Etienne-Canta-lés and Chastang, to compare these 
experimental results with those given by theoretical 
methods of computation, and to arrive at conclu- 
sions applicable to future investigations on the dissi- 
pation of energy downstream of spillways. (R. Maitre 
and §. Obolensky, Electricité de France, supplement 
to La Houille Blanche, Vol. 12, March-April 1957, 


12 pp.) 
Surge-Tank Stability 


Proceeding from the conclusions arrived at by M. 
André Gardel in a recently published work with re- 
gard to the effect of kinetic energy on an upstream 
surge tank, the author, who has been carrying out 
extensive research work on underground power sta- 
tions with uncommonly short tailraces, attempts to 
extend M. Gardel’s results to downstream surge tanks. 
This leads to the unexpected result that kinetic energy 
actually contributes to stability instead, as previously 
believed, of impairing it. The author advocates for 
each structure tests on small-scale models reproducing 
in dynamic similitude the positive and negative surges 
or level oscillations actually occurring in practice. (G. 
D. Ranford, Laboratoire Dauphinois d’Hydraulique, 
Grenoble, La Houille Blanche, Vol. 12, No. 2, March- 
April 1957, p. 213, 7 pp.. 1 f.) 


Bed-Load Transport 

This paper, presented by two Canadian specialists, 
outlines the nature, origin and, more particularly, 
the application of regime theory to canal design. Then 
the methods derived from this theory are applied to 
analyse available data of sand and fine gravel trans- 
port in laboratory flumes. This produces simple and 
novel results, and the regime theory proves capable 
of generalisation to a certain extent. In dimensional 
analysis, the authors claim there is nothing to indicate 
inadequacy of the formulae for the range of data they 
represent, but there are some good clues to why they 
are adequate and where they may cease to be ade- 
quate outside the range of data or on the edges of the 
range. To remedy the deficiencies shown in the paper, 
the authors advocate co-operative research on the sub- 
ject, list the principal heads of research, and appeal 
especially for such research to agencies having large 
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CONSOLIDATED 
PNEUMATIC 
MAKE OVER 480 
DIFFERENT MODELS 
OF POWER TOOLS 


This is the FL-22 
CLAYDIGGER 


THE IDEAL TOOL FOR 
FACE WORK 


IN DIFFICULT CONDITIONS 


As Claydiggers are required for a variety of duties 
ranging from soft ground trenching to extremely 
hard tunnelling in clays, chalks and marls, 
Consolidated Pneumatic make models to suit each 
class of work. The FL-22 illustrated above is a very 
fast, hard hitting, lightweight tool, easy to operate 
on facework with an overall length and type of 
handle to ease the task in confined spaces. 
Alternatively, there is the CP-3 for general duty, 
whilst another version is the CP-111 with or 
without extension handle for down hand digging, 
particularly suited for work in claypits. For a 
choice of tools, geta copy of CP publication SP.365. 


Consolidated Pneumatic 


CP137 % 
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AIR COMPRESSORS PNEUMATIC TOOLS + ELECTRIC TOOLS + CONTRACTORS EQUIPMENT + ROCK DRILLS PUMPS + DIAMOND DRILLS 
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funds at their command and large discharges of water 
at their disposal. (T. Blench, Professor of Civil 
Engineering, University of Alberta, and R. Bryan Erb, 
Research Engineer, A. V. Roe Co., Toronto, La 
Houille Blanche, Vol. X11, No. 2, March-April 1957, 
p. 132, 16 pp., 7 ff. The paper in English appears on 
pp. 148 to 157.) 


Reducing Cost of Faced Rockfill Dams : 

The two dams instanced in this article are the 3-7 
million cu. yd. Wishon dam (crest length 3,350 ft.) and 
the 1:5 million cu. yd. Courtright dam (crest length 
850 ft.), both major units of the Kings River develop- 
ment, which, with a height of 290 and 310 ft. respec- 
tively, will be the third and fourth highest concrete- 
faced rockfill dams in the world, behind the 390 ft. 
Paradela dam in Portugal and the 328 ft. Salt Springs 
dam of the Pacific Gas and Electricity Co. This article 
explains how design and construction economies on 
the concrete-faced rockfills have been achieved with 
no sacrifice in the integrity of the structures, by use 
of steeper upstream slopes and thinner layers of costly 
placed rock between the rock mass and the concrete 
facing. Construction economies were brought about 
by effective rock-quarrying procedures and through 
higher production of placed rock as a result of im- 
proved crew organisation. Design economies alone are 
conservatively estimated at no less than $3 million. 
(Engineering News-Record, Vol. 159, No. 9, August 
29, 1957, p. 39, 4 pp., 7 ff.) 


Yugoslav Pumped-Storage Plant 

A short description is given of the FuZine pumped- 
storage plant, the first of its kind in Yugoslavia, which 
began its trial tests on March 14, 1957. The plant is 
one of the elements of the Vinodol development 
which harnesses the Lokvarda and Li¢tanka mountain 
streams and their tributaries, and will add a yearly 
production of 20 million kWh to the Yugoslav grid, 
mostly during the peak-period. Some of the main 
features of the scheme are: an earthfill dam 47 m. in 
height and 276 m. long, creating a reservoir of 30°5 
million cu. m.; the KriZ pumping station, with four 
pumps each with a capacity of 400 lit. per second 
and a lift of 24 m., and a unit with a capacity of 1,000 
lit. per second, and a lift of 5 m.; a pressure tunnel 
3,463-m. long, conveying the water from the Lok- 
varda reservoir to the Li¢anka; the Vinodol under- 
ground power house, equipped with three 35,000-kVA 
generators driven at 500 r.p.m. by Pelton turbines. 
(Ing. Ivan Einwalter, Energija, Zagreb, Vol. 6, July- 
August 1957, No. 7/8, p. 193, 14 pp., 12 ff., 2 graphs.) 


Vaiont Dam Project 

A short but comprehensive survey is given of this 
project which, once carried into effect, will constitute 
the final stage of the Piave river deveiopment between 
Pieve di Cadore (WATER Power, July 1956, p. 281) 
and Soverzene (ibid., March and April 1952, p. 95 
and 124 respectively). This arched dome-type dam, 
to be sited in a steep and narrow gorge of the Vaiont 
torrent, a tributary of the Piave. is one of the boldest 
structures of its class. In height (266 m.) it substan- 
tially overtops the 236-68 m. of the Mauvoisin dam 
and the 221-4 m. of the Hoover dam, and will only 
be exceeded by the Grande Dixence when carried to 
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its ultimate height of 280-9 m. The Vaiont dam will 

create a reservoir with a total capacity of 169 million 
cu. m. and a useful storage of 150 million cu. m. Its 
principal characteristics are as follows: developed 
length of crest, 263-5 m.; the thickness at the top is 
3-92 m., 12°96 m. at El. 620 and 23-2 m. at the base. 
The excavation work involved is estimated at 340,000 
cu. m., and the volume of concrete required at 
360,000 cu. m. The Vaiont dam project, worked out 
-by Ing. Semenza and his associates, was approved for 
“execution by the “Condiglio Superiore dei Lavori 
Publici” (Italian Board of Public Works) on June 15, 
1917. (Giornale del Genio Civile, a publication of the 
Italian Ministry of Public Works, Vol. 95, No. 7/8, 
June-July 1957, pp. 514/517, 5 ff.) 


Weir Stoplogs 

The large tainter gates controlling the water-passes 
of a weir are generally protected on the upstream side 
by cofferdam-gates or stoplogs consisting of a series 
of superimposed steel-girder assemblies. In normal 
operation, these stoplogs are inserted when the weir 
is closed, that is to say in still water. A jamming of 
the control gates may however occur when the weir 
is open, so that it becomes necessary to insert the 
stoplogs at full-flow periods so as to make the control 
gate accessible or, as the case may arise, especially 
at times of decreasing discharge, to hold the flow. 
Since the pressure of the flow on the stoplogs can 
hardly be ascertained by computation, the Innwerk 
A. G. Téging decided to carry out an extensive range 
of model tests in their hydraulic testing station. Be- 
cause of its outstanding importance in the river Inn 
power system, the weir selected for these tests was 
that of the Egglfing plant, the largest run-of-river unit 
of the system. The five passes of the Egglfing weir, 
each 23 m. in width, are controlled by hook-type 
double gates 13-5 m. in aggregate height plus a free- 
board of 0:3 m. The upstream emergency gate con- 
sists in this instance of five identical stoplog girders 
with horizontal trellis members, each 2:8 m. high and 
fitted with rollers. These are handled by the two 50- 
ton gantry-cranes of the power station. The upstream 
faces of the stoplogs and of the bottom member of 
the hook-type gate are 7:1 m. apart. An additional 
series of tests was effected on a model of the weir of 
the Simbach-Braunau plant, also on the Inn, in which 
the stoplog elements have the same measurements 
as at Egglfing but have solid plates as horizontal 
members. The 1:51-scale models of the two plants, 
i.e. weir openings and piers, were fitted in a glass 
channel. In the tests, which aimed at ascertaining the 
vertical and horizontal forces acting on the stoplogs, 
the following variables were also taken into account: 
position of the uppermost girder, number of girders 
assembled, position of the control gate, head-water 
and tail-water levels. The tests established that stop- 
logs can be slipped into their grooves without any 
danger when there is a clear overflow of the water 
over the top of the hook-type double gate, but diffi- 
culties appear as soon as the bottom member of that 
gate is slightly lifted. The first difficulty lies in the 
fact that the handling cranes can no longer cope with 
the substantial hydraulic forces which act vertically 
downwards on the stoplog elements. The danger of 
the stoplogs being destroyed by these forces is mini- 
mised, however, because the maximunt horizontal 
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forces remain below the highest static water pressure 
for which they are designed, and the vertical forces 
are, in magnitude, considerably below the horizontal 
forces. Generally speaking, it has been found that the 
weir deck will withstand the stresses resulting from 
the additional load on the cranes as long as the plac- 
ing of the stoplogs does not stress the cranes beyond 
their lifting capacity. On the other hand, it is always 
necessary to test whether the grab-beam used for 
handling the stoplogs is strong enough to transfer the 
stress of their own weight plus that of the hydraulic 
forces to the hooks of the cranes. Finally, it should 
be mentioned that, at certain positions of the stop- 
logs, very substantial vibratory effects must be taken 
into account, as an additional stress exerted on top 
of the measured forces. These vibrations generally 
occur in the top half of the downward travel of the 
stoplogs, and more especially when the control gate 
is lifted into higher positions; comparative tests also 
established that girders with trellis horizontal mem- 
bers, such as at Egglfing, are less affected by these 
vibratory effects than girders with solid horizontal 
members, as at Simbach-Braunau. (Dr. Ing. habil. 
Hans Eschler, Schweizerische Bauzeitung, Vol. 75, 
No. 27, July 6, 1957, p. 429, 4 pp., 11 ff.) 


Flow Studies 

This paper was read on June 13, 1956, at a Fluid 
Mechanics Seminar, held at the Karsruhe Technical 
University as a contribution to the theory of hydro- 
dynamic equilibrium in flows. Two kinds of separa- 
tion may occur in the flow of real fluids (water, air): 
(a) a separation of the boundary layer from a wall, 
conditional on the degree of viscosity of the fluid; 
(b) formation of unevennesses resulting from the 
action of inertia forces and dependent upon the hydro- 
dynamic equilibrium of the flow. Flow patterns cor- 
responding to the state of hydrodynamic equilibrium 
are treated in accordance with the basic principles of 
mechanics. The resulting procedure makes it possible 
to calculate the pattern or, as the case may arise, to 
measure boundaries corresponding to the hydro- 
dynamic equilibrium of the flow instanced, and also to 
determine flows which, with the various instanced 
boundaries, may produce hydrodynamic equilibrium. 
The boundaries of sound flows ascertained by the 
method of the smallest effect, give the constant for 
the integration of Euler’s basic equations which then 
can be worked out by one of the accepted methods. 
The results given in this paper represent but a few 
simple examples for the practical application of a 
procedure which has already enabled some awkward 
problems to be satisfactorily solved. (Prof. Dr. Ing. 
M. Strscheletzky, Voit Forschung und Konstruktion, 
August 1957, p. 1:1 to 1-8, 7 pp., 8 ff.) 


Boundary Layer in Draft Tubes 

Proceeding from three typical patterns of turbine 
draft tubes, the author investigates whether it is 
feasible, without incurring substantial losses, to in- 
crease the angle of the walls while, at the same time, 
influencing the boundary layer, with the aim of re- 
ducing the length of the tube. As the foremost purpose 
of this study was to improve the design of elbow-type 
draft tubes connected with high-speed turbines, it 
was imperative that the process of influencing the 
boundary layer should be as uncomplicated as pos- 
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sible, requiring no additional supply of energy, ang 
operating with the utmost reliability. The method 
used consisted in gradually injecting air into the 
boundary layer. The position of the various injection 
points can be determined by calculating the separa. 
tion spot for laminary and turbulent flows. This 
method of influencing the boundary layer brought 
about a substantial improvement in efficiency, and 
stabilised the flow in connection with a plain straight 
draft tube tapering at 42°5°, with two rotation. 
symmetrical draft tubes at 41°6° and 30° respectively, 
and a plain elbow-type tube with a widening angle of 
20°. With the tubes involved in this investigation, the 
accepted possibilities of influencing the bounda 
layer failed on several occasions. It appeared there- 
fore advisable to assume that, in the observed separa- 
tion occurrences, further unknown physical effects 
intervene. On the whole, there was a fair concordance 
between the test results and theory. (K. Kaufmann, 
Voith Forschung und Konstruktion, No. 2, August 
i957, p. 2:1, 28 pp., 48 ff.) 


Earth-Dam Studies 

The first part of this article was reviewed in WATER 
Power, November 1957, p. 439. In this second and 
final instalment, the authors discuss a further range 
of the problems encountered in earth-dam building, 
such as the compressibility of the compacted materials 
selected for impervious cores; embankment founda- 
tions, rigid and compressible; stability of slopes and 
their analysis; cracking of the impervious core; move- 
ment of the rock shoulders and their effect on the 
impervious core. The whole articie applies especially 
to the methods normally adopted in Mexico to solve 
design and construction problems. (Raul P. Marsal 
and Enrique Tamez, /ndian Journal of Power and 
River Valley Development, Vol. VII, No. 5, May 
1957, p. 18, 5 pp., 2 ff., 2 plates.) 





CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 8th 
of the month for the following month’s issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 








Appointment Vacant 





SENIOR ASSISTANT ENGINEER 
(HYDRO-ELECTRIC) 


CENTRAL ELECTRICITY AUTHORITY 


SENIOR ASSISTANT ENGINEER  (Hydro-Electric) 
required in PLANT DESIGN BRANCH OF CHIEF ENGI- 
NEER’S DEPARTMENT at HEADQUARTERS, LON- 
DON, S.E.1., to assist in the technical and economic 
investigation of hydro-electric and related projects, the 
development of designs and layouts and the general co- 
ordination of design and administrative work during the 
construction stages. Candidates should have an engineering 
degree or comparable technical qualifications and should be 
Civil Engineers with experience in the preparation of pre- 
liminary designs and estimates for hydro-electric schemes. 
Salary within scale £1,435-£1,795 p.a. 

Write for application form to D. Moffat, Director of 
Establishments, Winsley Street, London, W.1., to be com- 
ry? = returned by 14th December, 1957. Quote Ref, 

.P./452. 
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High output from low power — 





from sea level to 5000 feet 


— Holman portable 2-stage compressors 


On the seashore or five thousand feet up in the mountains — you'll 
still get the same high output from a Holman portable compressor. 
And at low cost, because the maximum volume of air is com- 
pressed for a given power. That’s one advantage of two-staging. 
There are others. Temperatures are lower, so a little oil goes a long 
way — carbon deposits are negligible, valves last longer and over- 
haul charg2s are considerably smaller. Friction is cut, too; stresses 
are reduced and so are the chanc’s of breakdowns. 


A Holman portable compressor gives you great operating flexibility 
and cuts running cost. And it’s running cost that is the real cost of 
pneumatic equipment. Get a Holman and you've got the toughest. 
most efficient and reliable money-saving air compressor you'll find 


Hire-purchase terms can be arranged. 


pays ... with its life 


PNEUMATIC EQUIPMENT 


HOLMAN BROS. LTD., CAMBORNE, ENGLAND 

The Holman Organisation is world-wide. It includes the Climax Rock Drill & Engineering Works Lta., 

and has agents, branches and technical representatives throughout the United Kingdom and in 84 other countries. 

Telephone : Camborne 2275 (10 lines). Telegrams Airdrill, Telex, Cam/orne. London Office : 44 Brook Street, W.1. Telephone: Hyde Park 9444 
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the largest Pelton turbine 
in Great Britain 


Boving have supplied the 42,000 HP Horizontal Double Overhung 
4-jet Pelton Turbine, the largest in Great Britain, for the Finlarig 
Power Station of the North of Scotland Hydro-Electric Board. 

The operating head is 1,250 ft.—the highest in Scotland. The 30,000 


kW alternator.and other electrical equipment were supplied by 
The British Thomson-Houston Co. Ltd. 
: ‘ 


& COMPANY LIMITED 


56 KINGSWAY LONDON WG2 
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The development of the power supply system, including the 
275kV Supergrid extension inaugurated by the Central 
Electricity Authority, created an increased need for “Ferguson 
Pailin” Switchgear of many types, for both indoor and outdoor 
service. 


Among these are the heavy-duty air-blast circuit-breakers, 
type CA10 now being installed in Carmarthen Bay Power 
Station—the first “‘hall-type” station to be commissioned in 
Gt. Britain. They form an extension to the original installa- 
tion of type CA9 air-blast circuit-breakers, also of “Ferguson 
Pailin” manufacture. 


The type CA10 circuit-breakers have a rating of 3500 MVA 
at 132kV. A type CA10 air-blast circuit-breaker 








ege a on 

- y od 
Ferguson Pailin wits Qiao 
An A.E.|, Company . © 
Head Office & Works: HR. OPENSHAW MANCHESTER 11, Telephone : DROylsden 1301 (Pte.Branch Ex) 
LONDON OFFICE : Bush House. Aldwych, W.C.2 BIRMINGHAM OFFICE : Windsor House, 656 Chester Road, Erdington, 23 Gi. ASGOW OFFICE : Central Chambers, 109 Hope Street, C2. 
REPRESENTED IN PRINCIPAL OVERSEAS TERRITORIES 
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SALZGITTER 


BUNKER TRAIN BZ 35 











Li 





the acme of efficiency in mining 


and tunnel development 





SALZGITTER MASCHINEN AKTIENGESELLSCHAFT 


SALZGITTER-BAD 


Phone 44] Salzgitter-Bad Telex. samagsalzgitter 0953 805 Telegram amac 





NOHAB turbine 
lead the way 


+ 


Left: 
One of the three runners tor the Stornorrfors Power Station” 


Sweden. With their max. output of 200,000 h.p. each, these 
turbines will be the most powerful in the world. : 





Centre: 
Runner for the Lasele Power Station, Sweden. Head 170 tt 
max. output 87,200 h.p.; runner diameter 15 ft. g in. Two tim 
bines have been delivered to utilize the highest head for whigh 
Kaplan turbines have been built in Sweden. 


Below: 

Stay ring being manufactured for the Panchet Hill Hydro: 
tric Power Plant, 150 miles north-west of Calcutta. This ti 
bine with its max. output of 81,000 h.p., and runner diametgy 
of 17 ft. 8 in., 1s reported to be the largest Kaplan turbing in 
India as regards output as well as dimensions. E 


Contact 
NOHAB 


in your 


87 


water power 


~ 
on et ange 


problems 


i Al 
—— a 


*” 





NYDQVIST & HOLM AKTIEBOLAG 


TROLLH ATTAN, SWEDEN - Cables: NOHAB ~- Telex: 5284 - Telephone: 1/800 
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Fishbelly flap, inside view 

Section of a weir with fishbelly flap 
Fishbelly flap, 24.5 m. width, 3.8 m. high, 
assembled in the workshop 


We construct and supply 
Hydraulic steel structures for Weirs 
River and sea locks 
Valley storage dams 
By-pass gates, Sofety gates 
High-pressure piping (penstocks) 
Dock gates 
Shiplifis 
Slipways 
Floating cranes 
Ali hydraulic structures 
(including mechanical and electrical 
equipment) are supplied 
and erected ready for operation 


FRI E D. KRU PP MASCHINEN- UND STAHLBAU RHEINHAUSEN 





SMS-Kaplan Turbines Help — | | 
Harness Rio Grande for Brazil | / 


The Itutinga Project With Two 17,000 HP Units Provides Bulk Powe 


For The Southern Part Of The State Of Minas Gerais, 


= on Brazil’s up- 
per Rio Grande River 150 miles 
northwest of Rio de Janeiro, the 
Itutinga Falls Plant is now deliver- 
ing power. The first phase of this 
project consists of two 12,000-kilo- 
watt generating units, powered by 
SMS-Kaplan turbines. Foundations 
for a third unit have been poured 
and provision made for a fourth unit 
at some future date. 


Work at Itutinga was begun late in 
1952 and the first generating unit 
went on the line in March, 1955. The 
second unit was completed and put 
in operation in July, 1955. 





Initial assembly of the station service 
unit shows the welded plate steel spiral 
case being aligned with a manually- 
operated SMS-Butterfly valve. This 
turbine inlet valve, 48 inches in diam- 
eter, is equipped with a rubber seal on 
the disc to provide tight shut-off. Both 
valve disc and body are welded plate 
steel construction. 


razil 


Here the 6-bladed runner with the inner head cover and shaft is being moved into 
position for final assembly. The cast steel runner blades are protected with stainless 
steel to minimize the pitting from possible cavitation. The turbine shaft bearing is 


of the self-lubricated type. 


INSTALLATION DETAILS 


As shown in the accompanying 
sketch, the earth dam is extended by 


a 5-foot square SMS intake gate 
with motor-operated screw stem 
hoist. Near the bottom of the intake 














de ona ‘ : canal one SMS sliding gate with It is 
ve gy ag apeiway — ry 3 hoist serves as a sand sluice. The re- 
ing five 20-foot high by 34.5-foot tr - ‘ atio 
wide taintor gates, designed by maining hydraulic accessories fur- pas 
SMS. The taintor ates are operated nished by SMS include two draft “ 
by "30-ton twin ‘teem flat cable tube gates and three filler gates - 
olete sin danieiedh aad tenant with hoists for the turbine intake sant 

sey Rage — penstocks. 20,( 


tured by SMS. 


Adjacent to the forebay intake, an 
SMS skimmer gate and manual hoist 
built by us are installed to bypass 
floating debris diverted by a floating 
log boom. An 8-foot, motor-operated 
SMS-Leonard trash rake cleans the 
intake trash racks. 


The turbine intakes, at the down- 
stream end of the forebay, are pro- 
vided with SMS fixed wheel, penstock 
intake gates operated by 15-ton mon- 
orail hoists. The intake to the sta- 
tion service unit is also protected by 


TURBINES 


Each of the two SMS-Kaplan tur- 
bines is rated at 17,000 HP and 
operates at a synchronous speed of 
225 RPM under a net head of 97 
feet. The water is guided into the 
runners by 13-foot diameter, field- 
riveted spiral casings. In addition to 
the main units, there is a horizontal 
SMS-Francis turbine rated at 1,075 
HP used for station service. The 
casing for this station service unit 
is welded plate steel. 


AF 
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The lower half of one of the fixed wheel turbine in- From the downstream side of the powerhouse and 

take gates is being lowered into position prior to final forebay, the openings for future units and the Gantry 

assembly with the upper section. Crane for handling the turbine and generator parts for 
this outdoor station can be readily seen. 





FOREBAY 
SPILLWAY , 








The Itutinga Development is located near the center 
of a rich mining area. Sketch shows how provisions 
have been made for ultimate expansion to four units 
—a total capacity of 48,000-kilowatts—to keep 
pace with the region’s power needs 


General Contractor: Morrison-Knudsen Company, Inc. 
Consultant: International Engineering Co. 
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POWER HOUSE 
12,000-kw UNITS 








It is indicative of good selection and oper- head. They are of the Smith-Propeller, 
ation that the third and fourth turbines fixed blade type, and will carry the bese 
are to be added to the Itutings Power load. Regulating will be done by the pres- HYDRAULIC MAM GATES & HOISTS 
House by SMS. The newest units, of the ent Smith-Kaplan turbines. For informa- TURBINES 
same physical size, are each rated at tion, write S$. Morgan Smith Co., York, 
20,000 HP under the original 97 - foot Pennsylvania, U. S. A. 





TRASH RAKES 
PUMPS ACCESSORIES 


HYDRODYNAMICS 


ROTOVALVES FREE-DISCHARGE 


VALVES 
BALL VALVES 
CONTROLLABLE- 
BUTTERFLY PIT 


H 
VALVES SHIP PROPELLERS 


AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


Licensees: The Harland Engineering Company, Ltd., Alloa, Scotland 
Tokyo Shibaura Electric Co., Ltd., Japan 
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When Quality is the 
vital deciding factor 


® 


cae iV. PORBELAI 


is the outstanding 
NAME in the field of 


HIGH VOLTAGE 
INSULATION 


230kV high pressure oil-filled cable 
terminal designed by the H.V. 
Engineering Department, Canada 
Wire and Cable Company Limited, 
Toronto, Canada, using porcelains 
supplied by Taylor, Tunnicliff. Hy- 
draulic routine test: 5501b./sq. in. 


Wherever a new project calls 
for High Voltage Insulation 


CONSULT 


TAYLOR TUNNICLIFF 
AND CO. LTD. 
Head Office: EASTWOOD - HANLEY - STOKE-ON-TRENT 
Telephone : Stoke-on-Trent 25272-5. 
London Office: 125 HIGH HOLBORN, W.C.1. Tel: Holborn 1951-2 
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M-A:’ RE 
HYDRAULIC STRUCTURES 


MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) - REPRESENTATIVES IN ALL COUNTRIES 
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Circuit breaker type “'P,, 
Rated voltage 500 V 

Rated current up to 4000 A 
Breaking capacity up to 50 kA 






































































































































































































































































































































Circuit breaker type “Z?2 
Rated voltage 500 V 
Rated current up to 600 A 


Breaking capacity 20 kA 
at 500 V a. c. 
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Circuit breaker type ‘’ MPR,, 
Rated voltage up to 30 kV 
Rated current up to 800 A 
Breaking capacity up to 500 MVA 
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SACE SpA COSTRUZIONI 


ELETTROMECCANICHE - BERGAMO 


Address: “SACE,, a 5, BAIONI STREET =. BERGAMO (Italy) 
Telegrams: “SACE, BERGAMO (italy) - MILANO Office 1, E. Duse Square 


Neen 





ISACE 


BERGAMO 
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VEREINIGTE OSTERR. EISEN-U. STAHLWERKE, LINZ-AUSTRIA 
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At the Dam ... 












































Regulating 


Valves 


The Glenfield Sleeve Regulating Valve offers 
an economic and efficient means of regulating 


freely discharging water. 


The valve, which is best suited for operation 
under low or moderate heads and can be made for 
hand or electrical working, is designed to continue 
to function even if it becomes totally submerged, 
and requires no additional device to dissipate the 


energy in the discharging water. 





GLENFIELD & KENNEDY._LIMITED. KILMARNOCK J] 





HEAD OFFICE AND WORKS 
KILMARNOCK, SCOTLAND 
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____ PENSTOCKS, PRESSURE SHAFTS LININGS 
FOR ALL WORKING PRESSURES 


Gl O VAN O LA Monthey-Switzerland 
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- TUBIFICIO | 
DI BRESCIA & 


formerly TU BITOGNI 


PENSTOCKS — VALVES — GATES 
AND ASSOCIATED EQUIPMENT FOR 
HYDRO-ELECTRIC PLANTS 


P. O. BOX 308 BRESCIA - Tel. 36.700 BRESCIA - Cable: ATUB - BRESCIA - ITALY 
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Illustration reproduced by kind permission of the North 


of Scotland Hydro-Electric Board. Consulting Engineers, 


Messrs. Kennedy & Donkin. Induction Generator, Messrs. 
Bruce Peebles & Co. Limited. 


THE ARMFIELD HYDRAULIC ENGINEERING CO. 


LTD. 
RINGWOOD, HAMPSHIRE, ENGLAND. 


Phone Ringwood 760. Grams Hydraulics, Ringwood 
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20 ton ‘ TRAVELIFT’ Cableway 
handling 8 cu. yd. capacity bottom 
discharge concreting buc 


BRECO Ropeways and Cableways have been 
supplied and installed for operation under 
most extreme climatic and topographical 
conditions throughout the world. 


BRECO — Sole manufacturers of ‘ Travelift’ 
Cableways, outside the North American Continent. 
TRAVELIFTS are especially suited to 

high speed heavy construction work. 


Literature available on request. 


BRITISH ROPEWAY ENGINEERING CO. LTD., 


Plantation House, Mincing Lane, 
London, E.C.3. 


Telephone : Mincing Lane 7901. 
Telegraphic Address : Boxhauling, Fen, London. 
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AB KARLSTADS MEKANISKA WERKSTAD 


KARLSTAD - SWEDEN 


Representatives in Canada A. Johnson & Co. (Canada) Ltd., 
607 Shell Tower Building, Montreal 2 
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For Harrsele Power Plant in Sweden, KMW have on order three 
Francis turbines, each developing 88,000 H.P. at 173 feet net 
head and 125 r.p.m. The first unit was put into operation in 


September this year 


The picture shows one of the runners in our workshops. It is of 


welded construction according to our patented method. 
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| @) POST INSULATORS 
for the 
Hirakud Dam project 








S.P.P. Post Insulators were supplied for 
the 132kV. outdoor switchgear on the 
Hirakud Dam Project. 

S.P.P. Post insulators have also been 
used on all the major hydro-electric 
projects in India, including the following:— 


Damodar Valley Corporation 
U.P. Government 

Madras Government 

Mysore Government 
Travancore— 

Cochin Government 

Bombay Grid Scheme 

Jog Falls Scheme 


Machkund Scheme 
North Calcutta Scheme 
Pallivasal Scheme 
Tungabhadra Scheme 
Kunda, Madura, Mettur Dam, | 
Moyar, Papanasam and . 
many other substations 
on the Madras Grid. 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire. 


Telephone : Stourport 2271. 


Telegrams : Steatain, Stourport 
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Not only does water provide a home for tufted 
duck but it is also one of mankind’s chief sources 
of power. Wherever there is falling water 


a water turbine can be installed — the simplest 


TUFTED DUCK (Nyroca Fuligula) and most reliable form of prime mover— 


F . . . . 
aE ea ERED a SE no fuel bills, long life, little maintenance and 


Britain; floats idly all day and flies to its = . P 
requiring only unskilled attention. 


feeding grounds at night. Food: water plants, 
GiLKES are specialists in the field of small hydro- 
insects and small fishes. Nests in colonies 


electric units; we can supply installations to 
in rushes or coarse grass and raises eight 


to twelve young each season. operate on any head from 3 feet to 5,000 feet 

(or | metre to 1,500 metres) and to develop 

any output up to 1,000 kilowatts on low heads 

or 10,000 kilowatts on the higher heads. 

If you wish to make the fullest and most economic 


use of your potential water power, let GILKES 


advise you 


9000 B.H.P. Pelton Wheel for Bolivia 


GILBERT GILKES & GORDON LTD 
E 


KENDAL Telephone: Kendal 28 ENGLAND 
London Office: CRAVEN HOUSE. KINGSWAY, LONDON WC.2. Telephone: HOLBORN 3231 
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Soc. Idroelettrica Alto Chiese Cimego 
Hydro-Electric Power Station. Single phase 
transformers comprising 2 three phase banks 
of 110,000 kVA each—13,800/220,000 V. 


cS 
ane Re* ane . : 
exits : —50 cycles. Arrangement of one of the 


mA e f a , 
, . . three phase banks. 
rs T s . : ; - ‘S : 


'j dete) & - - S. p. A. 
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Vickers Vigor tractor on an open-cas 
tronstone site of United Steel Compan 
England. 








Vickers Vigor 


moves earth faster 


anywhere on earth 


Oy 


Digging for iron, building new roads or bringing water to desert 
lands—these are jobs for earth-moving equipment. And the faster 
it moves the better it is for everybody. This is why the Vickers 
Vigor is welcomed all over the world. It is the fastest, most 
efficient crawler tractor in production. 

Today it is built with a 6 speed gearbox or with the Rolls- 
Royce Torque Converter which, on many jobs, increases output 
still further. 

There’s a complete range of equipment to work with the 
Vigor, including Onions scrapers and rippers. And a world-wide 
organisation to serve Vickers Vigor users. If you want to get 
working fast — you want Vickers Vigor. 

The Vickers Vigor is available with Torque Converter trans- 


mission. This makes sure that the engine’s maximum power is 
always available and reduces shock loads. 


VICKERS-ARMSTRONGS (TRACTORS) LIMITED 


VICKERS HOUSE BROADWAY WESTMINSTER LONDON SW1 ENGLAND S.H.B. 57030 





HYDRAULIC STEEL CONSTRUCTION 


and 
PIPELINES 
for 
WATER 
POWER 
PLANTS 


Completed erection at 
site of the high-pressure 
pipes for the tunnel 
lining to be supplied for 
the ‘Schwarzach’ Power 


Station. 


WAAGNER-BIRO 


AKTIENGESELLSCHAFT 
wien GRATZ 


Head Office... WIEN V., MARGARETHENSTRASSE 70 


— 
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Constructed by Careful Craftsmen 




















































































































10,000 k.V.A. UNITS 





























AT DELHI ‘B’ POWER STATION 


YORKSHIRE ELECTRIC 
TRANSFORMER CO. LTD. 
THORNHILL, DEWSBURY 


YORKSHIRE YORKSHIRE ELECTRIC TRANSFORMER CO. LTD. 


Telephone : Dewsbury 1691/2 
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25000 HP horizontal shaft Francis-Turbine 
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One man and his 


621 ROCKERSHOVEL 


went to dig a tunnel 


In this, as in so many other undertakings EIMCO ‘‘cut the 
cost’’ in labour and time with the 621 Rockershovel. 
With the 621 a complete loading operation takes only a matter 
of seconds—more than one ton of rock can be moved in a minute 
by one man (and his Rockershovel). A high capacity 
loading unit built to give many years of service 
under the most arduous conditions. 


Photograph shows EIMCO 621 Rockershovel. 
loading in a stope. 


£IMCO [GREAT BRITAIN] LIMITED 


Head Office and Works: TEAM VALLEY, GATESHEAD, |!, CO. DURHAM. LOW FELL 7-724! 


London Office: PRINCES HOUSE, PICCADILLY, W.!. REGent 2184 
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CHASTANG - France - 
GENISSIAT France - 
BORT-LES-ORGUES France 
SARIYAR = Turkey - 
TINGAMBATO - Mexico - 
AMBUKLAO .- Philippines - 
LE MARINEL Belgian Congo - 
BERSIMIS - Canada - 
PRADA Spain 

PICOTE - Portugal - 
CORNATEL Spain - 


SAN AGUSTIN - Spain - 


* In collaboration with Alsthora - Charmilles. 


GRENOSLE PARIS Vill 
Avenve de Geouvert 155. @¢ Houssmenn 
Téléphone 44.55.30 Télépe. BAL. 03.12 
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The largest overseas transformer contract 
to be placed in the United Kingdom 


arrrrrs, 


Miles 


The transformers will be 
installed at these sites. 


KARIBA mt 


FERRANTI 


transformers for Kariba 


The contract awarded to Ferranti Ltd. by the Federal Power Board for 
the great Kariba Hydro-Electric Scheme on the Zambesi River covers 
two 120,000 kVA 330/234 kV 3-phase auto transformers with separate 
boosters; eight 60,000 kVA 330/88 kV 3-phase double-wound 
transformers; and two 60,000 kVA 330/33 kV 3-phase double-wound 
transformers. All the transformers will be provided with on-load tap 
changing gear. The Kariba contract is the largest overseas transformer 
contract to be placed with a British manufacturer, and emphasises the 
world-wide confidence in Ferranti Ltd. as builders of fine transformers. 


FERRANTI LTD - HOLLINWOOD - LANCS  D 
London Office: KERN HOUSE * 36 KINGSWAY ° W.C.2 5 | 
y 
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WATER CONTROL 
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K WATER CONTROL EQUPIVENT FOR 
UWW0RO-ELECTRUC POWER AT KHATIMA, [NDIA \ 


RapieR Water Control Gates 


for % Nine RapieR Wheel Gates 








‘ : 12’ 4” by 20° 0” EXCAVATORS 

Water Supply — Irrigation ra eee MOBILE CRANES 

. electrically operated from CONTRACTORS PLANT 

Power Plants — River Control the platform or the power wnALWAY 
Locks and Docks house control room. ap 


RANSOMES & RAPIER LTD. IPSWICH & LONDON - ENGLAND 
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Highland water power 


This is Errochty power station on the shore of Loch 
Tummel. It is the largest generating station in the 
Tummel-Garry Scheme of the North of Scotland 
Hydro-Electric Board, and houses three 25 MW 
vertical-shaft hydro-alternators built and installed 
by G.E.C. Auxiliary motors and most of the con- 


trol gear in the station were also supplied by G.E.C. 





. |) ELECTRIC 
PLANT 


THE GENERAL ELECTRIC CO. LTD - MAGNET HOUSE - KINGSWAY - LONDON - W.C.2 
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HPeenemO-@LECTRIC EQUIPMENT 


Power for Pakistan by 


West Punjab, with five rivers and fertile plains, produces 
much of Pakistan’s cotton, sugar, and cereals. Until 
recently it depended on India for electric power, but 
now the Rasul Hydro-electric Station, in the Gujrat 
District, generates power from the drop between the 
Upper and Lower Jhelum Canals. This undertaking 
will help to electrify twenty-eight towns, and power the 
tube-wells in the Chaj and Rachna Doabs, where 
thousands of acres have been rendered unfit each year 
by rising water-tables and sub-soil salinity. BTH 
equipment plays a major part in this scheme, helping 
again to harness natural resources to the betterment 
of the community. 


A view of the Rasul Power Station 


For the Rasul Power Station, BTH supplied the 
two 12,500 kVA alternators, driven by Boving 
Kaplan turbines. BTH also suppiied the 132 kV 
switchgear and the 132/66kV transformers, together 
with the 5,000 kVA synchronous condensers at 
Lyallpur Sub-station. 





Sip ie 


The two BTH 12,500 kVA alternators 


BRITISH THOMSON-HOUSTON 


_— 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED, RUGBY, ENGLAND 
Member of the AE! group of companies A 499% 
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(Right) Stay ring section of Allis- 
Chalmers turbine being lifted into 
lace during field assembly at 
mhart Island powerhouse site. 
(Below) Completed stay ring as- 
sembly being leveled. The whole 
project will consist of 16 turbine 
units on the American side and 
16 on the Canadian side. 
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Photos courtesy of Power Authority of the State 


of New York, Uhl, Hall ond Rich, Engineers. | i{] 
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St. Lawrence Power... \ear Reality 


A-C turbines to tap river... 
boost industrial expansion 


N goes another Allis-Chalmers hydraulic 
turbine to help harness the waters of the 
mighty St. Lawrence River. 







Each of the A-C fixed-blade propeller-type 
turbines will develop 85,000 hp. Their cast steel 
runners are 20 feet in diameter; forged steel 
main shafts are over 3 feet in diameter. 


World-recognized shop facilities and unsur- 








The breath-taking St. Lawrence power and 
seaway project, realizing a 50-year dream of 
two great nations, will soon amplify shipping 
lanes to the Great Lakes and provide an addi- 
tional two million kw of much needed power. 

The Barnhart Island powerhouse will include 
eight Allis-Chalmers hydraulic turbines and 
cabinet-type governors for all units on the 
United States side of the river. 





ALLIS-CHALMERS 


passed engineering experience in designing and 
building large hydroelectric units are reasons 
why Allis-Chalmers can be selected with con- 
fidence. The engineering experience connected 
with over 16 million installed hydraulic tur- 
bine horsepower can be yours. Call the Allis- 
Chalmers representative near you, or write 
Allis-Chalmers, Power Equipment Division, 
Milwaukee 1, Wisconsin. 






DORTMUNDER 


ite 


BROCKENBAU-AG. 


application 


of the flownet. 


and high efficiency 


MODERN HYDRAULIC STEEL STRUCTURES 


DORTMUNDER UNION BRUCKENBAU-AG - PLANT AT DORTMUND AND GELSENKIRCHEN 
WEST-GERMANY 
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BALFOUR BEATTY 


& CO. LIMITED 


HYDRO-ELECTRIC PLANTS + DAMS +: RESERVOIRS 
WATER SUPPLY . SEWERAGE WORKS 
TUNNELS ° AQUEDUCTS ° IRRIGATION 





A COMPLETE ENGINEERING SERVICE FROM tHE 
PRELIMINARY INVESTIGATION TO THE COMPLETION 





AN D MANAGEMENT Oo F AN Y PROJEC T. 
Head Office 
66 QUEEN STREET + LONDON €E.C.4 
and at 
EDINBURGH + TORONTO + BAGHDAD + NAIROBI 
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Power transformers 


Single- and three-phase units for 
voltages up to 400 kV and ratings 


up to 450 MVA. 


Current & voltage transformers 
for voltages up to 400 kV. 


Air-blast circuit-breakers 
for voltages up to 400 kV and 


breaking capacities upto 
25,000 MVA. 


Isolating switches 
for voltages up to 400 kV. 





BROWN, BOVERI & CO., LTD. 


85175-Vi 


BADEN (SWITZERLAND) 
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Section through one of the two 
Voith Pumped Storage Sets for the 
LUNERSEE POWER STATION. 
From top to bottom: 
Motor-Generator ; 

Voith Four-jet Impulse Turbine; 
Voith Torque Converter with sliding 
coupling ; 

Voith Five-stage Storage Pump; 
Thrust bearing. 




















VOITH 8293 





vol 





comb 








synck 
gene 








@ J.M.VOITH GMBH: HEIDENHEIM (BRENZ)- GERMANY 





impulse runner, pitch diam. 5 ft 4 in, 
of one of the two vertical-shaft four- 
jet Voith Impulse Turbines, each 
ated 62,800 hp at 750 rpm under 
3.190 ft head. 


For the 
LUNERSEE POWER STATION 


we have supplied the complete 
hydraulic equipment for 2 Pumped 
Storage Sets and the Torque Con- 
verters for all 5 machine sets. 


VOITH TORQUE CONVERTER 
combined with a sliding coupling 
used to run up the pump to the 
synchronous speed of the motor- 
generator. 


Shop assembly of Voith Five-stage 
Storage Pump. Max. input 58,500 hp, 
max. man. delivery head 3,310 ft. 





VOITH 


HEIDENHEIM 
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LEFFEL TURBINE 
FOR KENNEWICK 


Now, there are Leffel hydraulic turbines at work in 
two Kennewick Division stations . . . the recently 
completed Amon Pumping Plant and the Chandler 
Power and Pumping Plant. Located in the southeastern 
section of the State of Washington, the Kennewick 
Division of the Yakima Project is being developed by 
the Bureau of Reclamation of the U.S. Department 
of the Interior. 

The Amon Pumping Plant, unusual because of its 
outdoor installation, is powered by a Leffel turbine 
which withstands the effects of wind and sand, in 
addition to performing at top turbine efficiency. This 
turbine is the horizontal shaft discharge spiral case 


THE JAMES LEFFEL & CO. 


MORE 
POWER 


EFFICIENT HYDRAULIC 
FOR wrSs FEARS 


type, and is rated to develop 700 H.P. under 63 ft. net 
head, speed 600 R.P.M. Directly connected at each end 
to a centrifugal pump, the turbine unit has a discharge 
elbow coming off either side. This turbine, like larger 
Leffel turbines throughout the world, harnesses water 
power efficiently and economically. 

Leffel has the technical knowledge and wide range 
of experience necessary to design and build hydraulic 
turbines for most any size installation. 

Leffel can help you with your project, big or small, 
whether it be expansion, rehabilitation, or a new in- 
stallation. Mail the coupon below TODAY for com- 
plete details. There’s no obligation, 1101-E 


FREE LITERATURE 


THE JAMES LEFFEL & COMPANY 
DEPT. W, SPRINGFIELD, OHIO 


[ ] Please send me more information on Leffel hydraulic turbines. 


a Please have your representative call 
Name_ 
CO en 


State____——_ 


OO 
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COURTESY OF NORTH OF SCOTLAND 
HYDRO-ELECTRIC AUTHORITY 

AND MESSRS. TAYLOR WOODROW 
CONSTRUCTION LTD. 


f 


| ADAPTABILITY 
F COURTESY OF RIXBURGH HYDRO-ELECTRIC 
LEYREZT TZ, 


AUTHORITY, NEW ZEALAND. 


| COURTESY OF THE MERSEY RIVER BOARD, 


CHESHIRE. 


There is no limit to the number of structures that can be built with Bailey 
Bridge Units—All types of Bridges, falsework, scaffolding, piers, buildings, 
gantries, runways etc.—in fact new components are constantly being designed 
to meet the requirements of civil engineers all over the world. 


Very often it is possible to economise on known standard constructions, and 

we strongly recommend you to submit problems to our engineers so that the 

most economical solution can be employed. COURTESY OF STATE OF VERMONT 
HIGHWAYS DEPARTMENT, U.S.A. 


We are interested in your particular problem, and are prepared *o fabricate 
bridges and structures to your own individual designs. 





COURTESY OF MESSRS. DEMOLITION 
AND CONSTRUCTION CO. LTD. 


PMOS.STORET (erin) HFD. 


WORLD LICENSEES FOR THE MANUFACTURE & SALE OF BAILEY BRIDGING 


ie ae ee: io or weer Fo 6 6UC a ee 


ENQUIRIES TO LONDON SALES OFFICE:-6 VICTORIA STREET - WESTMINSTER SWI 
TELEPHONE: ABBEY 7391-2 TELEGRAM: MICROFAB SOWEST LONDON CABLES: MICROFAB LONDON 
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Turbine 
shafts 


ENGLISH STEEL FORGE AND ENGINEERING CORPORATION 


River Don Works, Sheffield 
A wholly owned subsidiary of English Steel Corporation Ltd. 
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GLUANIE DAM 


One of the two dams of the Upper Moriston Scheme con- 
structed for the North of Scotland Hydro Electric Board. 
The use of Trief cement and precast facing blocks — both 
Mitchell developments —are typical of the many construc- 
_ tional features. 
With any Contract 
> assurance of 


THE MITCHELL CONSTRUCTION COMPANY 


WHARF WORKS PETERBOROUGH 


[MITCHELL \ 
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ANOTHER 


MAJOR FOUNDATION PROBLEM 
SOLVED BY INTERNATIONAL ENGINEERING... 





An important railroad trestle crossing, stretching 13 
miles across America’s Great Salt Lake, presented many 
problems. 


Was the timber trestle construction efficient enough 
to afford minimum maintenance and permit full-speed 
train operation? 


Would the sediments in the lake bottom support a 
rock fill embankment? 


The International Engineering Company was called 
on for the answers. By extensive field and laboratory soil 
investigations, seismic refraction surveys, and feasibility 
studies, they established that rock fill construction had 
significant advantages over rehabilitation of the existing 
timber trestle. Later they developed the rock fill design 


74 New Montgomery Street * San Francisco, California, U.S.A. 
A subsidiary of Morrison-Kaudsen Company, Inc. 


... Prepared construction plans and specifications and 
provided cost estimates. 


Result: another complex project successfully launch- 
ed by International Engineering! 


SERVING DESIGN & ENGINEERING NEEDS WORLDWIDE WITH 


e Reconnaissance and Surveys 
Preliminary Analyses and Evaluation 
Estimates, Financing Plans and Project Recommendations 
Design Drawings and Construction Specifications 
Analysis of Bids and Bid Recommendations 
Detailed Construction Drawings 
General Engineering Supervision 


Final Reports and Record Drawings 


For a complimentary 
copy of our 16-page illustrated 
brochure, write to Dept. J.2. 
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SOCIETE DES FORGES ET 
ATELIERS DU CREUSOT — 


15, Rue Pasquie r, PARIS ¢€ 


(USINES SCHNEIDER) 


Mechanical Gngineering Constcuction 
(CANADA) 


LE MATERIEL ELECTRIQUE S‘W 
Constructions électriques SCHNEIDER 
Licence WESTINGHOUSE 


32, Cours Albert-t' PARIS (VIII') 


Glectrical Work 
BINE EL OUIDANE 
(MOROCCO) 


—" 
DE TRAVAUX 


COMPAGNIE INDUSTRIELLE 
DE TRAVAUX 


6, Ba Malesherbes, PARIS 8 


(ENTREPRISES SCHNEIDER) 


Civil Gngineeting Work 


TREWALLYN 
(AUSTRALIA) 





...are engaged on every continent 
in the development of major 
Hydro-Electric Power Plants 





yANG 
AV 
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POWER TRANSFORMERS 





ie 
Fay 


Foto: Schmia 

One of the six ELIN regulating ‘‘power transformers”’ for the Austrian Danube 
Power Station Ybbs-Persenbeug, 45 MVA each, 225 kV + 11% / 10.3 kV, 
with three directly mounted 220 kV cable end boxes pointing upward, HV 
neutral brought out; by means of a compressed-air operated disconnecting 
switch directly mounted on the relative bushing, this neutral can be 
solidly earthed. The transformer is designed for OFW cooling and is equipped 
with heat exchangers for heating purposes 


AKTIENGESELLSCHAFT FUR 
i] il ELEKTRISCHE INDUSTRIE 
VIENNA AUSTRIA 
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yp TO 50,000 HP OUTPUT PER UNIT 


‘OMPLETE EQUIPMENTS 
(OR TURBINES INCLUDING 
DOUBLE REGULATION 


QUIPMENTS 
(OR AUTOMATIC 
OPERATION 


KAPLAN TURBINE FOR AN OUTPUT OF 
11000 HP DURING WORKSHOP ASSEMBLY 


TU 669 


IM.VOITH ) AUSTRIA 
ee 


TELEGRAM ADDRESS: VOITHWERK.: ST. POELTEN 





























' POELTEN P.O.B. 168 -— TELEPHONE 2501 - TELETYPE 01 2148 — 


Consulting Engineers: James Williamson & P, 


Our illustration shows the end of a 240 foot long telescopic steel shutter designed by Edmund) 


Nuttall and in use on a contract in Scotland. This shutter is being used to line with concrete the 


five mile long, 13 foot 5 inch diameter, rock tunnel on the Killin Section of the North of Scotland's 


Hydro Electric Board’s Breadalbane scheme. 


EDMUND NUTTALL 


CIVIL ENGINEERING CONTRACTORS 


EDMUND NUTTALL, SONS & CO. (LONDON) LTD - 22 GROSVENOR GARDENS LONDON S.W.! 


Telephone: SLOane 0036 
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Storage Pumps 


for hydro-electric power schemes 


The following high-lift sterage pumps are_ 


at present in hand: - 


two pumps for 
Reisseck Power Station, Austria 


each for 6,000 g: p. m., head 3,510 ft. 
speed 1,500 r.p.m., input 7,550 H. P., final 
pressure 4,085 ft.) 


mel ilemiols 
Lunersee: Power Station, Austria 


discharge 49,250 g. p:m., head 3,182 ft., 
speed 750 r.p.m., input 54,750 H-P.) 


one pump for 


Motec Power Station, Switzerland 


\discharge 43,050 g.p.m., head 2,060 ft., 


speed 750 r.p.m., input 30,400 H. P.) 


Lake Oberaar, 7,550 ft. ‘above sea level, 


Ta Mial-We st-1aa(-1 1-0 ©) ol-lalelale MES 7ie4-talelale| 
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25,100-H.P. storage pump for the . 


Grimsel-Oberaar Power Station 


SULZER BROTHERS LIMITED, WINTERTHUR, SWITZERLAND 


SULZER BROS. (LONDON) LTD., 31, BEDFORD SQUARE, LONDON W.C.1 
(INCORPORATING HATHORN, DAVEY & COMPANY, LTD.) 








The above photo shows 
Casing for 150,000 HP 
Francis Turbine to be 
installed in the Bahkra 
Power Plant, India. 





HITACHI's alternators are backed by more than fifty years of inde- 
tatigable research and engineering experience. Several thousand 
HITACHI alternators in a wide variety of capacities have already 
been supplied with satisfactory results to power plants both at 
home and abroad. 


WATER TURBINES MERCURY RECTIFIERS 
STEAM TURBINES POWER TRANSFORMERS 
BOILERS INDUCTION REGULATORS 
+ ee cae Gane 

D.C. GENERATORS DISCONNECTING SWITCHES 
FREQUENCY CHANGERS LIGHTNING ARRESTERS 
ROTARY CONVERTERS SWITCHBOARDS 


Tokyo Japan 





CABLES: “HITACHY” TOKYO 
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Kuljian has designed, engineered, and supervised 
construction of power plants the world over... with total electric 
generating capacity exceeding 


2,000,000 siowarrs: 


AST power projects throughout the world—more than seventy in all— 

attest to The Kuljian Corporation’s reputation as specialists in hydro- 
electric, steam, and diesel power plant design and construction. These plants 
represent a total generating capacity of over 2,000,000 kilowatts... a total 
investment of over half a billion dollars. 

Behind every Kuljian project lie the combined skills and experience of a 
complete staff of internationally recognized experts in every phase of water 
resource development. No matter where your next project might be, The 
Kuljian Corporation is fully prepared to undertake efficiently all phases of 
design, engineering, and construction supervision to help bring about the 
quick, economical solution to your specific problem. 


We invite your inquiry for detailed information. 


SCOPE OF KULJIAN SERVICES 
SURVEYS © INVESTIGATIONS * REPORTS * WATER RESOURCE DEVELOPMENT © RESERVOIRS & DAMS * POWER 
GENERATION & UTILIZATION # TRANSMISSION & DISTRIBUTION SYSTEMS * PUMPING PLANTS & PILTRATION PLANTS ¢ 
TUNNELS & AQUEDUCTS * HYDROLOGY & GEOLOGY 


PP % huljian Coyoualton 


engineers - constructors 


1200 No. Broad St., Philadelphia 21, Pa., U.S.A. 
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Casting this water turbine runner 


in a single piece from aluminium-bronze was 
9 considerable achieve The runner and other castings have been made by Birkett 
a considerable achievement. Billington and Newton for this 750 H.P. Pelton Wheel 


Birkett, Billington & Newton were able to tackle Generator supplied to the New Zealand Government by 
: * at : Gilbert Gilkes and Gordon Ltd., of Kendal. 
the job because they have specialised in the 
development of this metal, and their unrivalled F ve i 
a stings fron ew ounces to 10 tons in phos- 
experience and facilities enable them to carry out Castings from a f — 3 P 
: 7: phor-bronze, gun-metal, aluminium-bronze, man- 
such problematic non-ferrous castings. ganese-bronze and light alloys. Precision machined 
Aluminium-bronze has a high yield point and a bushes and bearings. Specialists in high-tensile 
aluminium-bronze castings, centrifugal-cast wheel 


low weight/strength ratio, and is very resistant to ; 
blanks, and chill-cast rods and tubes. 


shock. erosion, corrosion and abrasion. 





One of Britain’s Largest 
Non-Ferrous Foundries 








T. M. BIRKETT, BILLINGTON & NEWTON LTD 
HANLEY AND LONGPORT, STOKE-ON-TRENT 


Head Office: HANLEY, Phone: Stoke-on-Trent 22184'5 67. LONGPORT, Phone: Stoke-on-Trent 87303 
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OFFICINE 
ELETTRO 
MECCANICHE 
GALILEO 


Di BATTACLIA TERME SpA 


circuit breakers, isolating 
switches and measuring 
transformers for 220 kV. 
Somplago Power station 


Officine Elettromeccaniche Galileo build electrical equipment for medium, 





high and ultra-high voltage, travelling cranes, gates of any type, racks, 
rack rakes and any other metallic frame for hydro-electric plants 


hos- 
nan- 
ined 
nsile 
heel 


barrage on the Volturno river 
five automatic sector gates 
25 mt. wide; 375 mt. high 


For offers and details, please enquire to: Officine Elettromeccaniche Galileo, Servizio 


Commercio Estero, via Larga, 26, Milano (Italy) — Phone: 877895. Grams: Elettroga, Milano 
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OPERATORS 
SAVE TIME... 














LEADING FEATURES 
Automatic lubrication ; totally enclosed gears ; Fitting into the range of universal machines this 
conical hook swing rollers ; smooth operating 


clutches with interchangeable parts; anti-friction new TRANSIT CRANE with the field-proven 


bearings throughout main machinery; quick, easy 


convertibility. eae 
PLUS 22-RB superstructure, offers greater mobility and 


Highly mobile ‘ Foden’ truck mounting ; swing 2 . . ° - oY 
brake for more accurate spotting of load; crane wider diversity of operational use. As a lifting 
booms 30’ to 80’, jibs 10° to 30’ ; power-controlled 


load lowering (crane). crane or grabbing crane its increased mobility 


proves a valuable asset and, since it can also be 
22: used as shovel, dragline or dragshovel, its versa- 
tility should appeal particularly to the contractor 
to whom speed of transit from one job to another 
A new transit crane and is all important. 
3 cubic yard excavator — 
(ee 


truck mounted T fy ION- 


RUSTON-BUCYRUS LIMITED, EXCAVATOR SPECIALISTS, LINCOLN 
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For Chief Joseph Dam in Washington State 


Cast buckets are welded to cast crown 
and band—then stress relieved 


The Francis-type runner above illustrates Newport 
News’ complete facilities for fabricating heavy equip- 
ment. 

It also illustrates the specialized techniques Newport 
News frequently uses in jobs of this type. Gibson tests 
for these units are very favorable. 





Engineers... Desirable positions available at Newport 
News for Designers and Engineers in many categories. 
Address inquiries to Employment Manager. 











Before you go ahead on a project like this, be sure to 
get a bid from Newport News. Whether it’s penstocks, 
butterfly valves, pumps or turbines, you'll get the bene- 
fit of the modern plant methods and production facili- 
ties of one of the country’s oldest and largest builders 
of water power equipment. 


Shipbuilding and Dry Dock Company 
Newport News, Virginia 
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DOMINION 150,000 H.P. IMPULSE TURBINES 
ON THE LINE AT KEMANO... 


from NO LOAD CD) 
to FULL LOAD __@ 


This spectacular performance is standard operation 

at Kemano. Dominion turbines provide this almost 
instantaneous supply of power, required by the pot lines 

at the Kitimat Smelter. Since July, 1954, when The 
Aluminum Company of Canada started producing aluminum 
at their Kemano-Kitimat development, Dominion turbines 
have established a record of proven reliability, with negligible 
down time, under an operating head of 2,500 feet. 

Their performance throughout this period attests 

to the competence of the research, design and 

manufacturing personnel at Dominion. 


DOMINION ENGINEERING 


COMPANY LIMITED 
MONTREAL @ TORONTO ¢@ WINNIPEG e@ VANCOUVER 
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Measuring Equipment 
FOR HYDRO-ELECTRIC PLANTS 
WATER FLOW 


in Tunnels, Pipe Lines and at Turbines. 


WATER LEVEL 


at Dams and in Surge Shafts for all depths and conditions. 


PRESSURE RECORDERS, ETc. 
backed by over 20 years’ experience in this specialised field, 
can be supplied for local or remote operation. 


The illustration shows the type of Flow Meters made 
for the North of Scotland Hydro-electric Board. 


The British Pitometer Co. Ltd. 


(ASSOCIATED WITH GLENFIELD & KENNEDY LTD.) 
52 MINERVA ROAD, PARK ROYAL, LONDON, N.W.1I0 





It will pay you to 


HIRE 


ANDERSON 
DERRICK GRANES 


ELECTRIC, HAND AND STEAM 
DERRICK CRANES, ALL IN FIRST 
CLASS CONDITION 


Lifting Capacities : 2 to 15 tons 
Jib Lengths: 80 to 130 ft. 
from the people who give best service 


15-ton Electric Derrick Crane x 120-ft. Jib. 


THE A.C. PLANT & HIRE Co. Ltd. 


TAYMOUTH WORKS—CARNOUSTIE—SCOTLAND 


Sole Agents for England, Wales & Ireland: Caswell, Cranes & Erection Ltd., Grove Works, Hammersmith, London, W.6. Tel.: RiVerside 8922/3/4/5 
Sole Agents for Scotland: The Anderson-Grice Company Limited, Taymouth Engineering Works, Carnoustie. Tel.: Carnoustie 2214/5 
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PENSTOCKS 
WATER GATES 
HYDROELECTRIC 
EQUIPMENT 











CAP DE LONG: Self-hooped penstock for the 
Pragnéres Power Station, in the Pyrénées. 


Head 1,252 metres, Flow 14,6 cu.m./sec. 
Diameter 2.25 to 1.60 metres, Power 200,000 H.P. 


PASSY: Penstock bridge over the River Arve, 
in the French Alps. 
Span 72 metres, Diameter 3 metres. 


ETABTS- BOUCHAYER & VIALLET 
SOCIETE DAUPHINOISE d’ETUDES & 


de MONTAGES 
GRENOBLE - FRANCE 


meine 


ee ee ee ee 
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IN THE MANAGER’S OFFICE... 


. . . Production is planned, decisions are made 


rHE TALK is of rising labour costs and falling prices, 
of bigger output and increased mechanisation, 

of new methods and modern equipment. 

Can they afford to scrap the old equipment 

and install the new? 

Or rather . . . Can they afford not to? 

Never before has the manager had available 

such good tools and so many of them 


to help solve these problems. 


ON THE MANAGER’S DESK... 


. ** MINE AND QUARRY ENGINEERING ”’ is relied upon 
to keep him informed of new methods of production 
and the latest technical progress. 

When he buys new plant and equipment 
its advertisement pages exert a continuous influence 


and act as a persistent reminder. 


MINE & QUARRY ENGINEERING 


33 TOTHILL STREET - LONDON -: S.W.1. Telephone : WHItehall 9233 


.. mining and 
quarrying... 
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HYDRO-ELECTRIFICATION SCHEME, MOYAR 


7Sh.p. Motor... 7 ft. dia. Drum... I gin. dia. Rope 
150f.p.m. Rope Speed .. . 414. degrees Maximum 
Gradient . .. Load 6 tons Hoisting, 18 tons Lowering 
Road 2,200 ft. Long 
Pull in Rope Maximum 30,000 Ibs. 


a J 


PON TO ANNAN M OOD Necncars 
, YS BIRMINENAIA 7 
Telegrams B Cables # WG BIRMINGHAM? 





VALVES & PENSTOCKS 


ELECTRICALLY OPERATED 
WITH 


HARTLEY ‘“ VALECTRIC”’ 
HEADSTOCKS 


LOCAL OR REMOTE CONTROL 


ALL SIZES UP TO 100 SQUARE FT. 
CIRCULAR OR RECTANGULAR 


ORDERS FROM 


CEA and LCC 


AMONGST OTHERS 


HARTLEYS (°°) LTD. ences 


TRENT Operated by a 
ENGINEERS - STOKE ON TRENT “VALECTRIC” HEADSTOCK 


Please write for our pamphlet PS. 
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TRANSMISSION TOWERS 


Specialists in the design, manufacture and supply of 
towers for this country and overseas. 


The complete manufacture, including galvanizing, 
is undertaken in these works. 


Tees Side 


THE TEES SIDE BRIDGE & ENGINEERING WORKS LTD. 
WORKS & HEAD OFFICE: MIDDLESBROUGH. TELEPHONE: 2021-4 
LONDON OFFICE: I7 VICTORIA ST., S.W.1. TELEPHONE : ABBEY 1613 


@. 














THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operation 
and Railway News. It covers every phase of railway activity, 
It is truly said of this journal that it is ‘“* Read wherever there 
are Railways." Weekly 2s. Annually £5 by post. 


DIESEL RAILWAY TRACTION 
A monthly review of world-wide developments in diesel. 
engine design, practice and maintenance and diesel railway 
traction operation. Monthly 2s. 6d. Annually 35s. by post. 


SHIPBUILDING AND SHIPPING RECORD 
The only publication with direct appeal to both shipowner 
and shipbuilder. Its world-wide news organisation and 
technical articles and drawings put it in the forefront of 
shipping periodicals. Weekly 2s. Annually £5 by post. 


COLLIERY ENGINEERING 
A practical journal dealing with all aspects of coal production; 
every branch of coal mininz technology is reviewed in detail 
and special attention is given to mechanisation and labour- 
saving machinery. Monthiy 2s. 6d. Annually £2 by post. 


COKE AND GAS 
A technical journal dealing with the scientific and technical 
problems involved in the production of coke and gas in coke 
ovens and gasworks. Monthly 2s. 6d. Annually 35s. by post. 


THE RAILWAY MAGAZINE 
A popular magazine containing illustrated articles on Railways 
and Locomotives. Monthly 2s. 6d. Annually 35s by post. 


NEW COMMONWEALTH 
Describes and illustrates significant developments in pro- 
duction, trade, transportation and related spheres in all 
countries of the Commonwealth. Fortnightly 2s. Annually 
£3 by post. 


THE INDUSTRIAL CHEMIST 
A technical journal devoted to the progress of applied 
chemistry and chemical engineering. It is of vital importance 
to the chemical manufacturer and all who employ chemical 
processes in their productive operations. Monthly 2s. 6d 
Anually £2 by post. 


ARCHITECTURE AND BUILDING 
A journal for practising and salaried architects, building 
contractors, designers and specialists. It deals with the 
planning, design, construction and the administration of 
modern building work. Monthly 2s. 6d. Annually 35s. by post 


wooD 
“Wood” is the only magazine of its kind. Primarily con- 
cerned with the use of wood, it includes articles on trees and 
timbers, design and construction in all decorative and 
practical wood usage, machines and machine practice, and 
trends in world supply. Monthly 2s. 6d. Annually 35s. by post 


FOOD 
A journal devoted to the manufacture, packaging and n *rketing 
of processed foodstuffs. Monthly 2s. 6d Annually £2 by post. 


WATER POWER 
A technical journal devoted to the study oi all aspects o: 
Hydro-Electric Development. Monthly 2s. 6d Annually £2 
by post 


MINE AND QUARRY ENGINEERING 
Articles of technical nature cover geology, modern methods 
of prospecting, the winning of ore and stone, the dressing of 
ore and minerals, and extraction metallurgy Monthly 2s. 6d. 
Anually 35s. by post. 


TOTHILL PRESS LIMITED 
33, Tothill Street, Westminster, London, S.W.1 
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Power 
im transit 






The wires of the grid system 
cover the country from Lands End 
to John o’ Groats bringing to 

towns and villages power 

and lighting inthe = $f fy 


most economical way. 






Anacos Copper Strand for 
overhead power transmission is 


made to British Standards in 






hard drawn Copper and 


Cadmium-Copper. 


copper strand 


FREDERICK SMITH & COMPANY 


Manufacturers of ‘‘ Anacos’’ Copper and Copper Alloy Conductors ~ 


SALFORD 3 LANCS. 





ANACONDA WORKS 
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Ripping out 
the Heart of a 
Colossus ... 


Day after day, ripping and 
clawing at the rocky 
hearts of mountains are 
the deceptively slim but 
powerful “Riploy” Tungsten 
Carbide Tipped Drill Stems. 
Forged of the finest steel 
by British craftsmen, one 
is never surprised to find 
them used on every 
important drilling job. 





















Technical 
Literature 








covering every 
type of 
Drilling Tool 
is available 
on request, 







RIP BITS LIMITED 


CALLYWHITE LANE, DRONFIELD 
Tel: Dronfield 3301 (6 lines) 
Grams: EXCAVATE, Dronfield, Sheffield 


LONDON OFFICE: 66 Victoria St., S.W.1 Tel: TATe Gallery 0752-3 
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The “El Nihuil,, power 
station (93.000 kVA) in 
Argentina, shown in 
the illustration, has 
been entirely des- 
igned, manufactur- 

ed and installed 

by Ansaldo - 

San Giorgio. 


| 


Gienerators.e Trans- 
formers ¢ Synchro- 
nous condensers e 

Turbines of all 
types e Centrifugal 
and propeller 
pumps e Mercury 


i rectifiers e Trac- 
= 


—— tion equipment e 
eee” 
Electric motors 


of all kinds e 
Switchgear. 


A 


ANSALDO-SAN GIORGIO 


GENOVA 


(TALY 
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Wide waters..... 





The Kariba Gorge 





THE wide waters of the mighty Zambesi will soon be 

harnessed to provide power for the development of the 
vast territory of Central Africa. A dam now being constructed 
at Kariba will form the largest man-made lake in the world by 
impounding the waters of the river to provide a controlled 
flow to the hydro-electric machinery in two power stations. 


Metropolitan-Vickers are proud of the leading part they are 
playing in this development. They are building five 100 MW 
vertical-type water-turbine-driven generators for the first 
Kariba Gorge hydro-electric power station of the Federal 
Power Board of Rhodesia and Nyasaland. These generators 
will, when installed, be amongst the largest in the world, 
The upstream entrance to the Kariba having an overall diameter of about 40 ft. and weighing 
Gorge, seen from a promontory at the approximately 720 tons each. 

confluence of the Sanyati and Zambesi 

Rivers. This company has unrivalled research facilities and manu- 
facturing resources, and is ready to place at your service ils 
technical competence and experience in heavy electrical 
engineering matters. 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER 17 





An A.E.J. Company A/C605 
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